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Abstract of Dissertation

The Impact of Perceived Stress during Pregnancy on Placental Disease-related Adverse
Pregnancy Outcomes; the Mechanism by which Stress is Associated with these
Outcomes; and Modifying Constructs of that Mechanism.

Background: Perinatal outcomes such as preterm birth and low birth weight
remain major public health issues of concern both in the United States as well as globally.
Placental disease-related conditions, such as hypertensive disorders of pregnancy
(including preeclampsia), placental abruption, preterm birth, and low birth weight,
contribute to a majority of perinatal morbidities and mortality. There is strong biological
evidence in support of the negative consequences of maternal stress during pregnancy.

Research has shown that psychosocial support and race/ethnicity can act as
modifying factors in the relationship between stress and adverse maternal and perinatal
outcomes. Additionally, resilience has been shown to act as a modifier on the relationship
between stress and depression and stress and anxiety. Furthermore, stress and depression
have been found to be associated with placental disease-related adverse outcomes, such
as preterm birth, low birth weight, and small for gestational age. The role of depression
and anxiety with maternal stress has not yet been explored in this context; this offers an
opportunity to better understand the mechanism by which these three components impact
adverse maternal and perinatal outcomes.

Objectives: The first objective of the proposed study is to evaluate the association
between perceived maternal stress at Visit 1 and placental disease-related outcomes
(preterm birth (PTB), small for gestational age (SGA), placental abruption, and
hypertensive disorder of pregnancy) and perceived maternal stress at Visit 3 and these

outcomes. Next, race/ethnicity, psychosocial support, and resilience will be explored as
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effect modifiers of the association between perceived maternal stress at Visit 1 and Visit
3 and significant outcomes from the first objective. Finally, the role of depression and
anxiety (serial mediation) in the association between perceived stress at Visit 1 and
significant outcomes from the first objective and the role of depression in mediating the
association between perceived stress at Visit 3 and significant outcomes from the first
objective. If there are significant moderators and mediators of the association between
perceived maternal stress at Visit 1 or Visit 3 and one or more of the outcomes of interest,
moderated-mediation will be explored.

Methods: Data from the Nulliparous Pregnancy Outcome Study: Monitoring
Mothers-to-Be (nuMoM2b) study will be utilized to carry out these analyses. The
nuMoM2b study gathered data throughout the duration of pregnancy of women who had
never given birth to a child before (nulliparas) from eight clinical research sites and
affiliated hospitals across the United States between October 2010 and September 2013.
This study population is a racially, ethnically, and geographically diverse cohort of
10,038 nulliparous pregnant women with singleton pregnancies.

Multivariable logistic regression will be used to explore the relationship between
perceived maternal stress at Visit 1 and Visit 3 and the composite of placental disease-
related outcomes as well as the individual components. Multivariable logistic regression
will also be utilized to assess race/ethnicity, psychosocial support, and resilience as
potential effect modifiers of the relationship between perceived maternal stress at Visit 1
and each significant outcome from the first objective as well as perceived maternal stress
at Visit 3 and each significant outcome from the first objective. Covariates will be

adjusted for as appropriate. PROCESS macro will be used to test for mediation by
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depression and anxiety in the appropriate models. Covariates will be included as
exogenous variables in each model. If there are significant moderators from the second
objective and significant mediators in the models from the third objective, conditional
process analyses will be used to explore moderated-mediation utilizing PROCESS macro.

Results: After adjusting for maternal BMI, education, comorbidities, and marital
status, there were no significant associations between perceived stress at Visit 1 and the
outcomes of interest. When exploring perceived stress at Visit 3, perceived stress at this
timepoint in pregnancy was a significant predictor of PTB as well as SGA after adjusting
for the covariates noted previously. There was a 1.6% increased odds of SGA for each
unit increase in perceived stress score at Visit 3 (OR=1.016, 95% CI: 1.004, 1.029). In
the PTB models, perceived stress at Visit 3 had a curvilinear relationship with PTB. A
protective effect was seen at lower levels of perceived stress, and an increased odds of
PTB was demonstrated as stress increased.

Moderation analyses were carried out for perceived stress at Visit 3 as a predictor
of SGA and PTB outcomes. There was no moderation of the association between
perceived stress at Visit 3 and SGA or perceived stress at Visit 3 and PTB by race,
psychosocial support, or resilience. Finally, the indirect effects of perceived stress at Visit
3 on SGA and PTB outcomes through depression measured at Visit 3 were evaluated
using separate simple mediation models. There was no statistically significant mediation
of the effect of perceived stress at Visit 3 on either outcome through depression. In the
adjusted model, the direct effect of perceived stress at Visit 3 on SGA was borderline not
significant (Z=1.9002, p=0.0574), and the indirect effect through depression was not

significant. In the adjusted model with the PTB outcome, the direct effect demonstrated a
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significant inverse relationship between perceived stress at Visit 3 and PTB (Z=-2.9787,
p=0.0029); the inverse association may be explained by the curvilinear relationship
between perceived stress at this timepoint and PTB.

Conclusions: The results of this secondary analysis confirmed the association
between perceived maternal stress in the third trimester and two placental disease-related
outcomes: SGA and PTB. A curvilinear association between perceived maternal stress in
the third trimester and PTB outcome was noted. At low levels of perceived maternal
stress, there was an evident protective effect. At higher levels of perceived maternal
stress, there was an increased odds of PTB. No moderation by race/ethnicity, resilience,
or psychosocial support was demonstrated. Additionally, there was no significant
mediation of the relationship between perceived maternal stress during the third trimester
and SGA or PTB by depression measured at Visit 3. No significant association between
perceived maternal stress at Visit 1 and the placental disease-related outcomes of interest
were found. These analyses supported that psychological measures later in pregnancy are

more predictive of adverse pregnancy outcomes, such as SGA and PTB.
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Chapter 1: Introduction and Significance

Overview

Perinatal outcomes such as preterm birth and low birth weight remain major
public health issues of concern both in the United States as well as globally. Placental
disease-related conditions, such as hypertensive disorders of pregnancy (including
preeclampsia), placental abruption, preterm birth, and low birth weight, contribute to a
majority of perinatal morbidities and mortality.! WHO estimates approximately 15
million babies are born preterm every year, and about 1 million children die due to
complications resulting from preterm birth.®” In the United States, there has been little
progress made in the reduction of preterm birth over the past few decades.® In addition to
morbidities associated with preterm birth, annually about 30 million babies suffer from
intrauterine growth restriction (IUGR), which is defined as the growth rate less than the
normal fetal growth potential and can result in babies born small for gestational age
(<10™ percentile for gestational age).”!! In the United States, the national burden for
preterm birth and low birth weight were 10.1% and 8.2%, respectively, in 2020.'%!3
Despite the burden of these adverse pregnancy outcomes, challenges remain in
addressing these persistent issues. One of the main limitations in addressing these issues
is the limited understanding of the underlying causes and mechanisms that contribute to
them. !

Maternal stress during pregnancy has been associated with adverse maternal and
perinatal outcomes, including low birth weight and preterm birth.'>!” Furthermore,
Monk, et al. demonstrated that prenatal stress is associated with increased stress levels 2-

7 years after pregnancy, an association mediated by some adverse pregnancy outcomes,



such as spontaneous preterm birth and hypertension disorders of pregnancy.'®
Understanding the role of maternal stress during pregnancy can aid in optimizing prenatal
mental health care to reduce stress and its subsequent effect on maternal and perinatal
outcomes and mental health in later years.

There is strong biological evidence in support of the negative consequences of
maternal stress during pregnancy. Maternal stress leads to increased cortisol levels, and
cortisol inhibits fetal growth, leading to smaller babies (even those carried to term) and
increased risk for disease among highly stressed mothers.'® More specifically, cortisol
stimulates the placenta to release corticotropin-releasing hormone (CRH), which is a
stress response hormone that is associated with preterm birth.2>2! Additionally, there is an
enzyme produced by the placenta, 11B-hydroxysteriod dehydrogenase-2, that undertakes
the role of neutralizing cortisol in the placenta to its inactive form, cortisone. In the
presence of high cortisol, this mechanism, which acts as a protective mechanism for the
baby, is compromised; excess cortisol is able to cross into the placenta and directly affect
the baby.!>?° Glover et al. found a significant correlation between maternal cortisol levels
and amniotic cortisol concentrations and determined the correlation was even greater
among a subset of women with anxiety.?? Gitau et al. reported similar findings when
investigating the linear relationship between maternal and fetal cortisol levels;
additionally, it was reported that about 40% of the variance in amniotic cortisol was
attributable to maternal cortisol in high stress conditions in that study population.??
Contrary to the findings of these investigators, Baubazarova et al. found no association
between self-reported stress or anxiety and maternal or amniotic cortisol levels in a

sample of women undergoing amniocentesis; however, maternal and amniotic cortisol



levels were significantly correlated, and amniotic cortisol had a significant inverse

relationship with birth weight.?*

The investigators attributed the lack of association
between stress and anxiety and cortisol levels to the cortisol levels being more reflective
of the stress of the impending amniocentesis (when cortisol was measured) rather than
reflective of the more general stress and anxiety levels collected via self-report; the
authors suggested measuring cortisol at other times during pregnancy.?* In summary, a
significant correlation between maternal and amniotic cortisol levels has been
demonstrated in the research, as has the inverse association between amniotic cortisol
levels and birth weight.

Research has found that psychosocial support and race/ethnicity can act as
modifying factors in the relationship between stress and adverse maternal and perinatal
outcomes. Additionally, resilience has been shown to act as a modifier on the relationship
between stress and depression and stress and anxiety. A prospective cohort study
conducted in Canada found that stress was significantly associated with preterm birth;
however, among those with medium to high psychosocial support, stress was no longer
associated with preterm birth.>> Among those with low psychosocial support, stress
remained significantly associated with preterm birth.?> These findings support the
buffering role that psychosocial support plays between stress and the outcome.?2¢ A
pooled analysis of this study’s finding and another study from a US population
demonstrated an increased risk in preterm birth among women with low social support
and high stress.?® There is a lack of literature investigating the modifying role resilience

plays on stress and placental disease-related adverse outcomes; however, studies have

found that resilience moderates the relationship between stress and depression and stress



and anxiety.2”*® When high, medium, and low levels of resilience were compared, those
with greater resilience showed a weaker direct association between stress and depression
and a weaker indirect association between stress and depression via anxiety.?’” With
regards to race and ethnicity, research has shown that there are evident racial and ethnic
disparities with adverse maternal and perinatal outcomes.?®?° More specifically, racial
and ethnic disparities related to placental disease-related outcomes, such as hypertensive
disorders of pregnancy, preterm birth and low birth weight, are well-characterized, as is
the association between race and ethnicity and stress level.!>2%-3? This has been shown
using The Nulliparous Pregnancy Outcome Study: Monitoring Mothers-to-Be
(nuMoM2b) study data. Grobman et al. reported that race/ethnicity was significantly
associated with all psychometric measures completed during nuMoM2b study, including
those that measure perceived stress, depression, anxiety, resilience, and psychosocial
support.*® Non-Hispanic black women in the study were most likely to score the least
favorably for each.?® In addition to the psychometric disparities, Grobman et al. found
significant associations between certain race/ethnic groups and placental disease-related
outcomes.>*

Previous studies have explored the association between stress and adverse
maternal and perinatal outcomes as well as the relationship between depression and these
outcomes and anxiety and these outcomes. Stress and depression have been found to be
associated with some components of placental disease-related adverse outcomes, such as
preterm birth, low birth weight, and small for gestational age.>>*! While prior research
has demonstrated associations between stress and adverse outcomes, the role of

depression and anxiety in maternal stress has not yet been explored in this context; this



offers an opportunity to better understand the mechanism by which these three
components impact adverse maternal and perinatal outcomes, specifically placental
disease-related adverse pregnancy outcomes. The notion that stressors predict other
psychopathologies like anxiety and depression is a broadly accepted model.***3
Additionally, prior research has demonstrated that anxiety partially or fully mediates the
relationship between stress and depression.?®#44> The mechanism between stress, anxiety,

and depression on placental disease-related adverse pregnancy outcomes will be further

explored in the proposed research.

Study Aims

Analyses will be conducted using data from nuMoM?2b cohort study to
accomplish the study objectives. nuMoM2b is a prospective cohort study of over 10,000
nulliparous pregnant women recruited from eight medical centers and 12 subsites in the
United States between October 2010 and September 2013. Participants who completed
visit 1 (6-13 weeks gestation), visit 2 (16-21 weeks gestation), visit 3 (22-29 weeks
gestation), and delivery study visits will be included in the analyses. Pregnancy must also
be carried to 20 or more weeks gestation for inclusion.

e Aim 1: Evaluate the association between perceived maternal stress during the
first trimester and placental disease-related outcomes (preterm birth, small for
gestational age, placental abruption, and hypertensive disorder of pregnancy) and
perceived maternal stress in the third trimester and these outcomes. The

outcomes will be evaluated as a composite and each component individually.



e Aim 2: Explore whether race/ethnicity, psychosocial support, or resilience
modify the association between perceived maternal stress in the first trimester
and third trimester and significant outcomes from Aim 1.

e Aim 3a: Assess the role of depression and anxiety (serial mediation) in the
association between perceived stress in the first trimester and significant
outcomes from Aim 1 (Figure 1) and the role of depression in mediating
(explaining) the association between perceived stress in the third trimester and
significant outcomes in Aim 1 (Figure 2).

e Aim 3b: Investigate resilience, psychosocial support, and race/ethnicity as
moderators of the anxiety- or depression-mediated association between stress

and significant outcomes from Aim 1 (Figure 3).

Public Health Significance

There has been little progress in the improvement of placental disease-related
outcomes, such as preterm birth and low birth weight. Both of which can result in
significant morbidities and mortality of infants. Additionally, there is minimal research
on the impact of stress, anxiety, and depression on placental disease-related outcomes
related to the mother, such as placental abruption and hypertensive disorders of
pregnancy. Further exploring the impact of stress of these outcomes and the mechanism
by which stress, anxiety, and depression are associated with placental disease-related
outcomes will aid in targeted interventions to reduce these exposures in pregnant women.
Additionally, studies that address the resilience and its ability to negate or buffer the
direct and indirect effects of stress, anxiety, and depression are lacking, especially among

vulnerable populations such as pregnant women.?® This is a significant gap in the



literature, as is the modifying effect of resilience on the association between stress and
placental disease-related outcomes, specifically. By further exploring the potential
modifying effect of resilience, psychosocial support, and race/ethnicity, public health
practitioners and physicians can better tailor interventions to the groups of pregnant
women at greatest risk of having these psychopathological exposures and subsequent

higher risk of placental disease-related outcomes.



Chapter 2: Background

2.1 Outcomes: Placental Disease-Related Outcomes

The placenta performs many vital functions that enable fetal growth and
development as well as control maternal metabolism.*® Placental disease-related
outcomes can include hypertensive disorders of pregnancy (HDP; gestational
hypertension, antepartum, intrapartum, or postpartum preeclampsia and eclampsia),
placental abruption, preterm birth (PTB), and small for gestational age (SGA). Placental
dysfunction has been associated with adverse pregnancy outcomes such as PTB (<37
weeks of gestation) and intrauterine growth restriction (IUGR), which can result in babies
born small for gestational age (<10 percentile for gestational age).”!' The American
College of Obstetricians and Gynecologists (ACOG) stated that poor placental profusion,
or insufficient transfer of nutrients and oxygen from the mother to the baby by the
placenta, is the most commonly associated physiological component that contributes to
IUGR.'47

HDP is one of the leading causes of perinatal and maternal mortality globally.*
Approximately 6-8% of all pregnant women in the United States experience HDP, and 2-
8% of pregnant women globally experience preeclampsia.**3-° Gestational hypertension,
or new-onset antepartum hypertension, occurs after 20 weeks of gestation. It is defined as
having a systolic blood pressure greater than or equal to 140mmHg and/or a diastolic
blood pressure greater than or equal to 90mmHg at two time points a minimum of 4 hours
apart, in absence of proteinuria or systemic findings.* The diagnosis of gestational
hypertension is given if the mother had not been previously diagnosed with high blood

pressure prior to 20 weeks gestation. Having a previous diagnosis of high blood pressure



would classify the hypertension as chronic hypertension. In these individuals,
hypertension can progress to chronic hypertension with superimposed preeclampsia. In a
recent Practice Bulletin, ACOG stated that up to half of the women diagnosed with
gestational hypertension will progress to the development of proteinuria or other
physiological characteristics of preeclampsia.* Preeclampsia is a serious hypertensive
disorder of pregnancy that can affect all of the organs of the mother. In addition to the
same timing and blood pressure cut-offs for gestational hypertension, preeclampsia
includes proteinuria (protein in urine) or, in the absence of proteinuria, low platelet count,
renal insufficiency, impaired liver function, pulmonary edema, and new-onset headaches
that do not respond to medication and are not accounted for by alternate diagnoses or
visual symptoms are all components of the diagnostic criteria for preeclampsia.* The
presence of gestational hypertension and one of those components is sufficient for a
preeclampsia diagnosis.

Placental abruption is another adverse maternal outcome of interest that affects
approximately 1% of pregnant women.>! The placenta is attached to the wall of the uterus
and supplies the baby with nutrients and oxygen via the umbilical cord. Placental
abruption occurs when the placenta detaches from the uterine wall before or during
birth.3! It can result in severe blood loss from the mother as well as oxygen deficiency for
the baby. Additionally, placental abruption is associated with an increased risk of fetal
growth problems (IUGR), PTB, and stillbirth.>!

The two adverse perinatal outcomes of interest in the proposed research are PTB
and SGA. PTB is defined as any birth that occurs prior to the 37 weeks of gestation.'?

This includes medically indicated PTB and spontaneous PTB. Medically indicated



preterm deliveries are prompted by another condition or issue that initiates the need for a
medical intervention to begin the birthing process.’* One out of every two medically
induced preterm deliveries are the associated with ischemic placental disease, which
includes preeclampsia, IUGR, and placental abruption conditions.’> Spontaneous PTB
occurs when labor begins naturally prior to 37 weeks of gestation.’> SGA is defined as a
baby that is smaller than what is considered normal for the gestational age at birth. The
cutoff for SGA is usually a birth weight of less than the 10" percentile for a given
gestational age.”* In the United States, SGA accounts for approximately 11.1% of live
births and is associated numerous negative health outcomes, including
neurodevelopmental delays, mortality, and chronic conditions later in life.34-5

Each of the placental disease-related outcomes included in this proposed research
represents a burden of disease that warrants the need for further research. They can
greatly impact the lives of the mother and baby, both immediately as well as later in life.
Gaining a better understanding of the mechanisms that contribute to these outcomes can

lead to novel or improved targeted interventions before and during pregnancy to

minimize the occurrence of these placental disease-related outcomes.

2.2 Exposure: Perceived Maternal Stress

The definition of stress is external factors or strains that impose on or exceed the

capacity of an individual to adapt.®®

Stressors that may affect pregnant women may
include financial concerns, employment issues, intimate relationship strains, family
responsibilities, and concerns related to pregnancy and the baby.’® Researchers have

demonstrated that maternal stress during pregnancy is associated with adverse maternal

and perinatal outcomes, including low birth weight and PTB.!>"!7 Additionally, biological
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evidence has supported the associations found between maternal stress and placental
disease-related adverse pregnancy outcomes. Maternal stress leads to increased cortisol
levels, and cortisol inhibits fetal growth, leading to smaller babies (even those carried to
term) and increased risk for disease among highly stressed mothers.!® Although research
has found that stress is associated with placental disease-related outcomes, findings have
been inconsistent when exploring perceived maternal stress, specifically. Elucidating and
understanding the effects of perceived maternal stress during pregnancy can aid in
optimizing prenatal mental health care to reduce stress and its subsequent effect on
maternal and perinatal outcomes and mental health in later years.

A review published by Dunkel Schetter and Glynn in 2010 evaluated the strongest
evidence relating to stress and PTB and stress and low birth weight that had been
published up to that time. Several different types of stress were investigated in the studies
included in the review, such as major life events (e.g. death of a family member),
catastrophic community disasters (e.g. earthquakes, terrorist attacks), and chronic stress
(e.g. strain in the household or in general, homelessness severity and length).>® Fourteen
studies included in the review assessed major life events; nine studies looked at
catastrophic community disasters; and five studies evaluated chronic stress.*® With
regards to low birth weight, the review described chronic stressors as “robust predictors
of birth weight”.>¢ PTB had parallel results. Pregnant women reporting a major life event
were 1.4 to 1.8 times more likely to experience PTB compared with those not reporting a
major life event.*® Six of the nine studies indicated catastrophic community events were
significantly associated with PTB.?° All five studies investigating chronic stress

demonstrated similar findings, with significant associations between chronic stress and
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PTB.?® Researchers also found that less than half (5 of the 11 studies) of the studies that
utilized standard scale measures for perceived stress reported a significant association
between perceived stress and PTB. When perceived stress was explored in combination
with other measures of stress (e.g. state anxiety, live events), PTB was significantly
associated in some studies.>®37>

Consistent with the findings in Dunkel Schetter and Glynn’s 2010 review, Lima et
al. completed a meta-analysis of cohort studies to evaluate the association between
antenatal (before birth) stress and low birth weight and preterm labor. The two studies
were included in the low birth weight meta-analysis: a study of women from the United
States and a study of women from Congo.®® Results indicated those with antenatal stress
had 1.68 times the odds of having a child with low birth weight compared with pregnant
individuals who were non-stressed (95% CI: 1.19-2.38).%° Three studies were included in
the evaluation of antenatal stress and PTB. No statistically significant relationship was
found when using the random effects model (OR=1.98; 95% CI: 0.91-4.31).°* However, a
significant association was demonstrated when using a fixed effects model in the
sensitivity analysis; stressed women had 1.42 times the odds of PTB compared with non-
stressed women (95% CI: 1.05-1.91).%°

A prospective study of women in their third trimester at University of California,
Irvine, investigated the association between perceived stress and PTB, low birth weight,
and intrapartum complications, which included placental abruption, amnionitis,
augmentation, fetal distress, neonatal death, postpartum hemorrhage, prolapsed cord,
retained placenta, ruptured uterus, and vaginal delivery.®' The 14-item PSS was used to

evaluate perceived maternal stress during the third trimester; reliability of PSS in this
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sample population was moderate to high.®! Perceived maternal stress in the third trimester
was not significantly associated with any of the outcomes in this study; however, life
event stress was significantly associated with low birth weight (OR=1.32).%! This study
added to the growing body of literature suggesting prenatal stress contributes to adverse
pregnancy outcomes and called for the evaluation of the mechanism by which these
factors contribute to such outcomes.®' The non-significant finding between PSS score and
the outcomes explored may be attributable to the homogeneity of the study population,
which included primarily white, upper middle class, employed, married women. Race
and ethnicity as well as other socioeconomic factors are known to be associated with both
stress as well as adverse pregnancy outcomes such as PTB and SGA.** The lack of
representation of groups at greater risk challenge the generalizability of this study’s
findings.

Researchers have explored the association between perceived maternal stress and
the following adverse pregnancy outcomes using nuMoM2b data: PTB, hypertensive
disease of pregnancy , and SGA (<10 percentile using Alexander norms). Grobman et
al. explored the relationship of each psychopathological scale completed in the
nuMoM?2b study, including measures of perceived stress, depression, anxiety,
psychosocial stress, and resilience, and each outcome denoted above. During the
analyses, scale scores were dichotomized based on a priori cut off points.** Using this
dichotomized exposure, this research group found no overall significant association
between PSS score and PTB, hypertensive disease of pregnancy, or SGA after controlling
for maternal age, body mass index, smoking, and maternal comorbidities.** This finding

may be attributed to the use of PSS score as a dichotomous variable. By creating a
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dichotomous variable from a continuous score, valuable information is lost and leads to a
reduction in the power to detect an association between the variable and the outcome.®
Individuals with PSS scores close but on the opposite side of the cutoff used are
categorized as very different, an inaccurate characterization.

Monk et al. also utilized nuMoM?2b data to investigate the effects of perceived
maternal stress and adverse pregnancy outcomes on perceived stress 2-7 years after
delivery using data which was collected as part of the Heart Health Study (HHS), an
ancillary sub-cohort of the nuMoM2b study. The pregnancy outcomes evaluated included
gestational diabetes (GDM), HDP, preeclampsia, and medically indicated or spontaneous
PTB. Results showed that prenatal stress was associated with increased stress levels 2-7
years after pregnancy, an association mediated by some adverse pregnancy outcomes,
such as spontaneous PTB and HDP.!® For every 5 point increase in PSS score during the
first trimester, there was a 2.8 point (95% CI: 2.7-3.0) increase in PSS score during the
participant’s HHS visit, indicating a significant positive association between maternal
stress during the first trimester and increased stress 2-7 years later.'® Independent of first
trimester PSS score, women with HDP, PE, or medically indicated PTB demonstrated
higher stress 2-7 years after delivery.'® This supports the importance of continuing to
investigate the role of perceived stress during pregnancy, and not only its more
immediate effect with regards to adverse maternal and neonatal outcomes but also the
effect it has later in life.

Understanding the role of maternal stress during pregnancy can help in the
development of tailored interventions to reduce stress and its subsequent effect on mental

health years later. Additionally, this proposed research seeks to expand the current
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literature as it pertains to maternal placental disease-related outcomes, such as placental
abruption and HDP, that are often not incorporated as main outcomes of interest in

studies related to stress and adverse pregnancy outcomes.

2.2.1 Early versus Mid versus Late Maternal Stress

As previously discussed, there have been conflicting findings related to the
association between perceived maternal stress and placental disease-related outcomes
such as PTB and low birth weight. Szegda et al. suggest this may be due to differences in
the measure used to assess stress as well as the timing of the assessment of maternal
stress.% An important aspect of perceived maternal stress that can be overlooked and
needs to be accounted for is the timing of the measure of stress. A prospective cohort of
Puerto Rican pregnant women (n=1,267) evaluated stress at 3 time points during
pregnancy (early, mid-, and late pregnancy) using the PSS and assessed the association of
perceived maternal stress with PTB, low birth weight, and SGA (<10™ percentile based
on a Latina population-based sample).%* The researchers found that early pregnancy
(mean gestation=12.4 weeks) PSS score was not significantly associated with PTB;
however, mid-pregnancy (19-26 weeks gestation) PSS score was significantly associated
with PTB.% After controlling for maternal age, BMI, parity, history of PTB, smoking,
anxiety, and probable major depression, there was a threefold increase in the risk of PTB
among those with PSS scores in the 4™ quartile compared with those with PSS scores in
the 1% quartile, and those with scores in the 3™ quartile had 2.41 times the risk of PTB
compared with those with scores in the 1%t quartile.®*> Similar findings were reported for
low birth weight as well, with no association between early pregnancy stress and the

outcome, and a three-fold and two-fold increase in risk of low birth weight for those in
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the 4™ and 3™ quartiles of PSS scores, respectively, compared with those with scores in
the 1% quartile during the second trimester.%®> There was no significant relationship
between perceived maternal stress at any of the three time points and SGA.% This study
shows that stress during different stages of pregnancy can have varying impacts on its
association with adverse maternal and perinatal outcomes.

Another prospective cohort study of Danish pregnant women explored the
association between distress at the 16™ week of gestation as well as the 30" week of
gestation and PTB. Distress was measured using a 40-item general health questionnaire at
each time point.** A slight increased risk of PTB was noted among those who scored in
the high distress category compared with low distress in the 16 week of gestation;
however, this finding was not significant.®* A statistically significant association between
distress and PTB was reported during the 30" week of gestation.®* Those reporting
moderate distress during their 30" week had 1.22 times the risk of preterm birth
compared with those reporting low distress during that gestational week (95% CI: 0.85,
1.74).% Women in their 30" gestational week reporting high distress had 1.75 times the
risk of PTB compared with those reporting low distress (95% CI: 1.20, 2.54).5% These
results showed a dose-response relationship between distress score and PTB at 30 weeks
gestation.

Khashan et al. also reported varying findings based on the time point at which
perceived maternal stress was measured during pregnancy. These investigators used data
from the Screening for Obstetric and Pregnancy Endpoints (SCOPE) study, which
recruited participants from Auckland, New Zealand; Adelaide, Australia; Manchester,

London and Leeds in the UK; and Cork, Ireland.®® Perceived maternal stress was
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measured at 15 and 20 weeks of gestation using PSS, and SGA was the outcome of
interest. After adjusting for BMI, maternal age, smoking, family income, maternal
education, and ethnic origin, there was no significant association between PSS score at 15
weeks of gestation and SGA.% However, there was a statistically significant association
between PSS score at 20 weeks of gestation and SGA, with participants reporting “very
high” perceived stress having a 56% increased risk of SGA compared with participants
reporting low perceived stress after adjusting for the confounding variables noted
above.® Additionally, those with high, moderate, and mild perceived stress at 20 weeks
of gestation had 45%, 26%, and 36% increased risk of SGA, respectively, compared with
participants reporting low perceived stress after adjusting for the confounding variables
noted above.® These findings demonstrated that the association between perceived
maternal stress and SGA depended on the time at which the measure was taken during
pregnancy.

2.3 Mediators: Depression, Anxiety

Mediators act on the causal pathway between an exposure and outcome and help
explain the relationship between stress and psychopathology in this context.*>** In the
literature, numerous studies have examined the mechanistic relationship between stress,
anxiety, and depression, and some publications have investigated the relationship
between anxiety and placental disease-related outcomes and depression and placental
disease-related outcomes. Significant associations for both stress and depression and
placental disease-related adverse outcomes, such as PTB, low birth weight, and SGA,
have been reported.’>*! However, there are inconsistences in the literature for each of

these associations that call for a more in-depth exploration of the complex relationship
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between stress, anxiety, and depression and subsequent placental disease-related
outcomes.®® Researchers have cited the use of different tools to measure these constructs
as well as the timing of these assessments during pregnancy as potential reasons for the
inconsistencies.®® As far as the more complex analysis of the stress-anxiety-depression
paradigm, several studies have looked at the dynamics between stress, anxiety, and
depression, with depression as an outcome variable, and found that anxiety either fully
mediated the relationship between stress and depression or partially mediated this
relationship.®#*43 None have explored the serial mediation of anxiety and depression in
the association between stress and placental disease-related outcomes. The investigation
of this mechanism in the context of placental disease-related outcomes presents a
significant gap in the literature.

The available literature supports the conceptual model that hypothesizes that
perceived stress or stressors precede other symptoms of psychopathology, including
anxiety and depression.?34>4367 The predictive nature of stressors on anxiety and
depression is a broadly accepted model from childhood and adolescence through
adulthood.*** A recent study supported this theory; Havnen et al. evaluated the role of
anxiety as a mediator of the relationship between stress and depression during the
COVID-19 pandemic among a sample population from Norway (n=617). Findings
indicated that anxiety partially mediated the relationship between perceived stress and
depression.?” Another recent study conducted among cardiac patients in the Netherlands
(n=1,125) determined that trait anxiety fully mediated the association between exposure
to stress and depression; this was valid for both the study population as a whole as well as

among female and among male subgroups.* Additionally, trait anxiety was explored as a
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moderator of the association between stress and depression; no significant moderation
was found (p=0.75).** A third study examined the mediating role of generalized anxiety
symptoms on the pathway between stressful negative life events and depressive
symptoms among two sample populations, one in Australia (n=206) and the other in
Norway (n=210).2% In both sample populations, generalized anxiety symptoms partially
mediated the relationship between exposure to stressful negative life events and
depressive symptoms.?® As discussed, these results support the theory that stress acts as a
predictor of anxiety and depression, and, furthermore, anxiety acts a mediator in the
relationship between stress and depression.

In the context of placental disease-related outcomes, no studies have explored the
stress, anxiety, depression model. Instead, pregnancy outcome-related
psychopathological research tends to focus on stress and either anxiety or depression, but
not both. Research indicates there is a strong association between anxiety and PTB and
anxiety and low birth weight.3-363%40 A systematic review and meta-analysis of
prospective cohort studies conducted by Ding et al. examined the association between
maternal anxiety and PTB and low birth weight. Twelve studies (n=17,304 pregnant
women) explored PTB as an outcome, and six studies (n=4,948) evaluated low birth
weight. A pooled relative risk demonstrated a 50% increased risk (95% CI: 1.33, 1.70) of
PTB for pregnant women reporting maternal anxiety, and a 76% increased risk of low
birth weight (95% CI: 1.32, 2.33).%’ Another meta-analysis conducted by Grigoriadis et
al. mirrored the findings of Ding et al. In these analyses, 16 studies demonstrated a
statistically significant association between maternal antenatal anxiety and PTB, with a

significant pooled odds ratio of 1.54 (95% CI: 1.39, 1.70). Additionally, significant

19



pooled associations were reported between maternal antenatal anxiety and low birth
weight across 11 studies (OR=1.80; 95% CI: 1.48, 2.18) and SGA across 7 studies
(OR=1.48; 95% CI: 1.26, 1.74).* No statistically significant relationship was found
between maternal antenatal anxiety and preeclampsia (4 studies; OR=3.30; 95% CI: 0.56,
19.37).%° Lastly, Dole et al. conducted a cohort study recruiting pregnant women in North
Carolina (n=1,962) to explore factors that included pregnancy-related anxiety and
depression and their relationship with PTB. Women who reported medium pregnancy-
related anxiety has 1.5 times the risk (95% CI: 1.1, 2.1) of PTB compared with those who
reported low pregnancy-related anxiety, and those with high pregnancy-related anxiety
had 2.1 times the risk (95% CI: 1.5, 3.0) of PTB compared with those with low
pregnancy-related anxiety.'® No significant association was found between depression
and PTB.!®

With regards to depression and placental disease-related outcomes, most research
focuses on PTB and low birth weight or SGA, and many of those findings support a
stronger association between depression or depressive symptoms and low birthweight or
SGA than PTB. Only three of 14 studies reviewed by Dunkel Schetter demonstrated a
statistically significant association between depression and PTB.*¢ However, a meta-
analysis that included 20 studies evaluating the association between depression in
pregnancy and low birth weight found that mothers with high depressive symptoms had
1.4 to 2.9 times the risk of low birth weight in undeveloped countries.*' When looking
specifically at studies using sample populations from the United States, the significant
finding remained, with an average of 20% increased risk of low birth weight for mothers

reporting high depressive symptoms.*!
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One study using nuMoM?2b data explored the relationship between anxiety (score
>40 on the State Trait Anxiety Inventory — Trait Anxiety) and a composite score of
outcomes that included PTB, SGA, placental abruption, and HDP; exposures included
anxiety with medical treatment, anxiety without medical treatment, and no anxiety.
Anxiety without medical treatment compared with no anxiety was significantly
associated with the composite score (p=0.02) as well as PTB on its own (p=0.004).%®
Anxiety with medical treatment compared with no anxiety was not significantly
associated with the composite score or any of the individual outcomes.®® This study
supports further investigation of anxiety and its role in placental disease-related
outcomes.

Overall, theory supports the role of anxiety and depression as mediators of the
association between perceived stress and placental disease-related outcomes. There is a
large gap in the research related to the exploration of serial mediation in this context as
well as research related to maternal placental disease-related outcomes such as placental
abruption and HDP. The proposed research aims contribute to closing these gaps in the
literature, offering an opportunity to better understand the mechanism by which these
three components impact adverse maternal and perinatal outcomes, specifically placental

disease-related adverse pregnancy outcomes.

2.4 Moderators: Psychosocial Support, Resilience, Race/Ethnicity

2.4.1 Psychosocial Support

Psychosocial support encompasses the perceived resources and psychological
support provided by individuals, such as the spouse, family members, and friends. It

involves the extent to which social relationships fill needs related to emotional, material,
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and other forms of support as well as the level of integration one has in his or her social
networks.®’® Numerous studies have investigated the interaction between stress and
psychosocial support as well as the mental health and physiological outcomes that follow
the exposure to stress and accompanying role of psychosocial support. There have not
been many studies exploring the modifying effects of psychosocial support on stress and
birth outcomes.*® However, Dunkel et al. discusses there is a sufficient foundation of
literature that supports the positive role psychosocial support plays during pregnancy.3¢
Additionally, these investigators emphasize the importance of investigating psychosocial
support in conjunction with racial, cultural, and ethnic factors to further improve
understanding of the construct.*¢

Cohen and Wills first proposed the buffering theory of social support on stress in
1983.7! In their proposed theory, when an individual is experiencing stress or a stressful
situation, social support can aid in one of two ways: (1) support can directly intervene
between the stress event and the individual’s reaction to it and provide the resources to
enhance one’s ability to cope and reduce the perceived level of stress; and/or (2) support
can intervene between the stress event and the physiological outcome by reduction of the
perceived importance of the issue, providing a solution, or facilitating a healthy behavior
in place of heightened reactivity.”' This “buffering hypothesis” has been supported in the
literature. Turner et al. investigated the role of social support in relation to maternal and
perinatal birth outcomes among a cohort of pregnant teenagers.’? Family support, friend
support, and partner support were each measured during pregnancy. Family support was
significantly associated with birth weight after controlling for gestational age, and

pregnant teens living with their parents were less likely to develop depressive symptoms
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after birth.”? Furthermore, among the low socioeconomic group, the interaction between
social support and stress was significant when looking at birth weight, supporting the
buffering theory put forth by Cohen and Wills.”

A meta-analysis published in 2015 assessed the relationship between low levels of
social support and increased risk of PTB. All studies included in the analyses were cohort
studies; 16 studies met the inclusion criteria, and social support was evaluated using 10
different validated measures.?® There was no statistically significant association with PTB
when comparing women with low social support with those with high social support
(pooled OR=1.22; 95% CI: 0.84, 1.76) among the eight studies included in this
analysis.?® However, two studies specifically looked at women with high stress levels.
Among women with high stress, those with low social support had 1.52 times the odds of
PTB compared with women with high social support (pooled OR=1.52; 95% CI: 1.18,
1.97).2% One of these studies was a prospective cohort of Canadian pregnant women. In
this study population, pregnant women with low psychosocial support and high maternal
stress had two times the risk of PTB (OR=2.09; 95% CI: 1.07, 4.07), and there was no
significant increased risk for PTB among those with high support (OR=1.66; 95% CI:
0.50, 5.48).%° The second study was a retrospective cohort study in the United States that
recruited women using birth records and census data.”> Researchers found that women
who reported high levels of stress and low levels of social support had a 44% increased
risk of PTB (RR=1.44; 95% CI: 1.07, 1.93) compared with women who reported low
levels of stress and high levels of social support.”® These individual studies as well as the
pooled results support the buffering effect of psychosocial support on the association

between stress and PTB.
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Another meta-analysis was performed investigating the association between level
of social support and the risk of developing mental health problems, such as depression,
anxiety, and self-harm, during pregnancy.?’ Sixty-seven studies met the inclusion criteria
and were included in the analyses, and 22 different validated measures of social support
were utilized. Of these, 15 studies explored the association or correlation between social
support and antenatal depression. Six of these studies report a statistically significant
negative correlation between the two, and 8 studies reported a statistically significant
inverse association between social support and antenatal depression.?” A pooled analysis
of the 37 studies included in the meta-analysis mirrored this, with a borderline significant
finding after adjusting for publication bias; low social support had 1.18 (95% CI: 1.01,
1.41) times the odds of antenatal depression compared with high social support.2’ Eight
studies included in the analyses examined the relationship between social support and
antenatal anxiety. Seven of these eight studies reported a statistically significant
correlation or association between social support and anxiety during pregnancy.? This
was reflected in the statistically significant pooled OR, which showed those with low
social support had almost twice the odds of antenatal anxiety compared with those with
high social support, after adjusting for publication bias (OR=1.97; 95% CI: 1.34, 2.92).%

The research on psychosocial support discussed provides evidence that this
dimension of the mechanisms to be explored in the proposed analyses needs to be
examined. In the proposed research, psychosocial support will be investigated side-by-
side with race/ethnicity as well as resilience as potential modifiers of the association

between stress and placental disease-related outcomes.
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2.4.2 Resilience

Resilience is defined as an individual’s ability to cope in a healthy way when
experiencing adverse life events.?” According to the Transactional Theory of Stress and
Coping developed by Lazarus and Folkman in 1984, stress is a subjective experience that
is dependent on one’s perceived access to demands and resources.”* The degree to which
one perceives he or she has the resources to be able to cope with a situation dictates the
degree to which the situation is experienced as a stressor; therefore, if an individual
perceives a lack a resources, then the situation will be experienced as a greater stressor
than if resources were perceived as adequate or plentiful.”* Resilience describes the
ability to cope in a healthy manner or have a healthy adaptation to an adverse situation.?’
In previous research related to stress, resilience has demonstrated its role as a buffer; it
has a protective effect against adverse outcomes related to stress, including situations
such as traumatic stress and depression symptoms among soldiers and symptoms of
depression, anxiety, stress, and obsessive compulsive disorder among adolescents.?”-7>76

The Transactional Theory of Stress and Coping supports the role of resilience as a
moderator of the direct relationship between stress and adverse or negative outcomes.
Furthermore, studies have shown that resilience also demonstrates its role as a moderator
of the indirect effect of stress on negative outcomes, particularly through anxiety and
depression.?®* In a study conducted using sample populations from Australia and
Norway, the moderated-mediated effect of resilience on the relationship between stress
and depression mediated by anxiety was investigated.?® A statistically significant effect
was noted in both sample populations. High resilience was associated with a decrease in

the indirect effect of stress through anxiety on depressive symptoms as well as the direct
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effect of stress on depressive symptoms.2® Low resilience was associated with greater
effect of stress on depressive symptoms through anxiety as well as the direct effect of
stress on depressive symptoms.?® Another study investigated the protective role of
resilience on the stress-anxiety-depression pathway using a sample of adolescents from
Ghana.* This study found that resilience buffers both the direct and indirect effect of
stress through anxiety on depressive symptoms.** Low resilience was associated with
greater depressive symptoms than high resilience.**

A more recent study conducted during the COVID-19 pandemic explored the
same moderated-mediated model described in the previous two studies. These
investigators hypothesized that resilience would moderate both the direct and indirect
effects of stress on depression, with the association being partially mediated by anxiety.?’
Findings were consistent with previous studies; those with high resilience had a lesser
direct and indirect effect between stress and depression than those with low resilience.?’
Also, mean resilience demonstrated a smaller direct and indirect effect between stress and
depression.?” Therefore, differing levels of resilience resulted in a different observed
relationships between stress, anxiety, and depression.

There are a lack of studies investigating the buffering effect of resilience among
pregnant women and its modifying role on the relationship between stress and placental
disease-related outcomes. Understanding the impact of resilience on stress, anxiety, and
depression in pregnant women is essential to inform the development of treatment and

prevention strategies in this special population. This is a significant gap in the literature

that will be addressed by this proposed research.

2.4.3 Race/Ethnicity
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Racial and ethnic disparities in adverse maternal and perinatal outcomes,
including maternal and fetal mortality, have been well established. For instance, non-
Hispanic black women (NHB) have higher rates of having babies born preterm as well as
being small for gestational age.’!** Additionally, NHB and Hispanic mothers also have
an increased risk of morbidities such as preeclampsia and other HDP compared with
white women.**7"78 A 10-year longitudinal population-based study in New York State
examined maternal discharge data and Census data to further elucidate nuances of the
progression of racial disparities in HDP, including preexisting essential hypertension,
gestational hypertension, preeclampsia, severe preeclampsia and eclampsia, and
preeclampsia or eclampsia superimposed on preexisting hypertension.’® Rates for all of
the HDP combined as well as preeclampsia individually were highest among NHB,
regardless of neighborhood poverty levels. Furthermore, the disparity for preeclampsia
between white women and NHB black women increased over the 10-year study period.”®
This highlights the essential need to better understand these disparities and the
mechanisms by which they arise, especially given the lack of progress made in
minimizing or even reducing the evident differences in disease burden among racial and
ethnic groups.

Grobman et al. specifically investigated racial disparities using the nuMoM?2b
data. The first study focused on the differences in the self-reported measures of
psychosocial states and traits during pregnancy. Some of the validated measures explored
included PSS, State-Trait Anxiety Inventory, Connor-Davidson Resilience Scale,
Multidimensional Scale of Perceived Social Support, and Edinburgh Postnatal

Depression Scale. Investigators found that race/ethnicity was statistically significantly
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associated with each of the validated measures of psychosocial states.** More
specifically, NHB women were most likely to score the worst on each of the scales or
measures, including having the highest perceived stress, anxiety, and depression.** NHB
mothers were also most likely to have the lowest social support.® Asian women reported
the lowest resilience scores among the study population.*

The second study carried out by Grobman et al. explored racial disparities in
relation to adverse pregnancy outcomes and psychosocial stress. Findings indicated that
NHB women in the nuMoM?2b study had a statistically significant increased risk of any
PTB, medically indicated PTB, spontaneous PTB, HDP, and SGA compared with white
women.>* After controlling for maternal age, BMI, smoking, and medical comorbidities,
the statistically significant association remained for NHB women having any PTB
(OR=1.31; 95% CI: 1.06, 1.63) and SGA (OR=2.08; 95% CI: 1.72, 2.52) compared with
white women.** Additionally, being a Hispanic woman was associated with a 31%
decreased odds of HDP (OR=0.69; 95% CI: 0.57, 0.83) and a 44% increased odds of
SGA (OR=1.44; 95% CI: 1.19, 1.75) compared with being white after controlling for the
confounding variables noted above.>* Asian women (OR=2.07; 95% CI: 1.54, 2.79) and
those who identified as Other (OR=1.36; 95% CI: 1.01, 1.84) also demonstrated
statistically significant associations with SGA compared with white women after
controlling for potential confounding variables.**

It has been demonstrated that race and ethnicity play an impactful role in both
psychometric experiences during pregnancy as well as adverse maternal and perinatal
outcomes, specifically placental disease-related outcomes. Therefore, the inclusion of this

variable as a potential effect modifier in the proposed research is essential to adequately
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evaluating and understanding the mechanism through which stress and other

psychopathological measures on the pathway affect placental disease-related outcomes.

2.5 Nulliparous Pregnancy Outcome Study: Monitoring Mothers-to-Be (nuMoM2b)

The Nulliparous Pregnancy Outcome Study: Monitoring Mothers-to-Be
(nuMoM2b) was established in 2009 by the Eunice Kennedy Shriver National Institute of
Child Health and Human Development (NICHD) to study nulliparous women.'# This
study is a prospective cohort of 10,038 nulliparous pregnant women recruited from eight
clinical research centers and affiliated hospitals across the United States between October
2010 and September 2013 (Table 1).'*7° The goal of the nuMoM2b study was to identify
potential mechanisms of adverse outcomes and predictors of those outcomes using data
collected at four points during pregnancy.’® Investigators collected data pertaining to
maternal characteristics, clinical and genetic factors, environmental factors, and
information regarding psychological responses to pregnancy in order to develop models
to better understand mechanisms contributing to or leading to adverse pregnancy
outcomes.®® Study results will be highly generalizable given the proportion of racial and
ethnic participants mirrors that of the United States as a whole.

Validated questionnaires were used throughout the study to measure depression,
anxiety, stress, resilience, and psychosocial support. This research will focus on
depression and anxiety as potential mediators, and race/ethnicity, psychosocial support,
and resilience as potential modifying factors. The Perceived Stress Scale (PSS),
Edinburgh Postnatal Depression Scale (EPDS), the State-Trait Anxiety Inventory — Trait
Subscale (STAI-T) were completed by participants during their first trimester (Visit 1) to

measure prenatal stress levels, depression, and anxiety. PSS and EPDS were also
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completed during the third trimester (Visit 3). The Connor Davidson Resilience Scale
(CD-RISC) was completed during the second trimester (Visit 2) to assess resilience, and
the Multidimensional Scale of Perceived Social Support (MSPSS) was completed during
the first trimester (Visit 1) to measure psychosocial support. Psychometric evaluations of
these instruments determined that each is valid for women of different races and
ethnicities in the nuMoM2b study population.>*8! Researchers have evaluated each
psychosocial measure for internal consistency reliability using the nuMoM2b study
population and found that each scale demonstrated acceptable to very high internal

consistency and reliability. 38!

2.5.1 Perceived Stress Scale (PSS)

The Perceived Stress Scale (PSS) is a 10-item questionnaire that was completed
during nuMoM2b study visits during the first and third trimesters. The scale was
originally developed in 1983; it captures how often individuals felt stressed in the last
month.®? More specifically, participants assess the extent to which their lives have felt
“unpredictable, uncontrollable, or overloaded” using a 0-4 Likert scale (0=Never; 4=Very
Often).®? Higher scores represent greater perceived stress, with a maximum score of 40.%

Bann et al. conducted psychometric analyses to determine the internal consistency
reliability of the scale among the nuMoM2b study population as well as confirmatory
factor analysis to determine the factorial validity of the scale.®! Cronbach’s alpha greater
than or equal to 0.70 is indicative of an acceptable internal consistency for group-level
comparisons.** Comparative Fit Index (CFI), Tucker-Lewis Fit Index (TLI), and
Standardized Root Mean Square Residual (SRMSR) were utilized to assess model fit. A

value of 0.95 or greater for the CFI and TLI indicates a good fit, and values of 0.90 to
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0.95 indicate an acceptable fit.*> For SRMSR, a good model fit is demonstrated by a
value of 0.08 or less.®

High internal consistency was found for PSS at Visit 1 (a = 0.88) and Visit 3 (o =
0.89) for the study population as a whole.®! For Visit 1, high internal consistency was
also noted across all age groups, racial/ethnic groups, and language (English and
Spanish), with Cronbach’s alphas greater than or equal to 0.79 across groups.®! CFI and
TLI overall also demonstrated a good fit, with a values of 0.95 and 0.92, respectively.
RMSEA was 0.04 overall, also indicative of a good fit.®! Goodness of fit was carried
through the age groups, racial/ethnic groups, and languages, with CFI and TLI scores
greater than or equal to 0.90, except among Asians (TLI = 0.87) and Spanish language
(TLI = 0.88). RMSEA was less than or equal to 0.06 across all groups, also indicative of
a good fit.%!

For Visit 3, high internal consistency was noted across all age groups,
racial/ethnic groups, and language (English and Spanish), with Cronbach’s alphas greater
than or equal to 0.82 across groups.®!' Similar to Visit 1 data, CFI and TLI overall
demonstrated a good fit at Visit 3, with a values of 0.95 and 0.92, respectively. RMSEA
was 0.04 overall, also indicative of a good fit.®' Goodness of fit was carried through the
age groups, racial/ethnic groups, and languages, with CFI and TLI scores greater than or
equal to 0.90, except among Asians (CFI = 0.88; TLI = 0.84).3' RMSEA was less than or
equal to 0.07 across all groups, also indicative of a good fit.?!

Overall, PSS at Visit 1 and Visit 3 performed well, with high internal consistency
and good model fit, among this sample of nulliparous women. With the exception of the

Asian subgroup and those who completed the interview in the Spanish language, the high
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internal consistency reliability and good model fit carried over to the subgroups analyzed
by Bann et al. Of note, only a small number of participants completed the PSS in Spanish
(N=218); a larger sample of participants utilizing the Spanish language interview may be
needed to more accurately examine the performance of the PSS among this subgroup.®!
Additionally, there was a small number of Asian nuMoM?2b participants as well (N=406);
a larger sample of Asian nulliparous women is needed to further examine the

performance of PSS among this sub-population. '

2.5.2 Edinburgh Postnatal Depression Scale (EPDS)

The Edinburgh Postnatal Depression Scale (EPDS) is a 10-item questionnaire that
was completed during nuMoM2b study visits during the first and third trimesters. It was
developed in 1987 to provide a simple, valid, and reliable measure to detect postpartum
depression among childbearing women.¢ The questionnaire consists of 10 short
statements that require the mother to identify how she was feeling during the past week
using a Likert scale ranging from 0 to 3. The maximum score possible is a 30; a score
above a 12 or 13 is indicative of a mother suffering from depression.®

A study using nuMoM?2b data performed a psychometric analysis of the scales
used in the study and found the EPDS performed well among the nuMoM2b sample, with
acceptable to high internal consistency reliability using Cronbach’s alphas.*® The data

was not provided in the publication.

2.5.3 State-Trait Anxiety Inventory — Trait Subscale (STAI-T)

The State-Trait Anxiety Inventory — Trait Subscale (STAI-T) is a 20-item
questionnaire that was completed during the nuMoM2b study visit during the first

trimester. STAI was developed in 1983 and is a scale commonly used to evaluate trait
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and state anxiety.®” The components of anxiety that it assesses (state anxiety and trait
anxiety) are expected to persist over time.3! The trait subscale consists of a series of 20
statements for which participants respond using a 4-point Likert scale (1-4 points; e.g.
“Not at All” to “Very Much So” or “Almost Never” to “Almost Always”). Higher scores
are indicative of greater anxiety, with a maximum score of 8§0.

Bann et al. conducted psychometric analyses to determine the internal consistency
reliability of the scale among the nuMoM?2b study population as well as confirmatory
factor analysis to determine the factorial validity of the STAI-T.®' As previously
discussed, a Cronbach’s alpha greater than or equal to 0.70 is indicative of an acceptable
internal consistency for group-level comparisons.3* Comparative Fit Index (CFI), Tucker-
Lewis Fit Index (TLI), and Standardized Root Mean Square Residual (SRMSR) were
utilized to assess model fit. A value of 0.95 or greater for the CFI and TLI indicates a
good fit, and values of 0.90 to 0.95 indicate an acceptable fit.*> For SRMSR, a good
model fit is demonstrated by a value of 0.08 or less.®

High internal consistency reliability was reported overall as well as across all age
groups, racial/ethnic groups, and language (English and Spanish), with Cronbach’s alphas
greater than or equal to 0.81 across groups.®! The two-factor model demonstrated a good
fit with a CFI of 0.94 and TLI of 0.93. SRMSR also indicated a good fit for the two-
factor model, with a value of 0.04. Goodness of fit was carried through the age groups,
racial/ethnic groups, and languages, with CFI and TLI scores greater than or equal to
0.92, except among the Spanish language (CFI = 0.86; TLI = 0.84).8! RMSEA was less

than or equal to 0.07 across all groups, also indicative of a good fit.%!
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STAI-T demonstrated high internal consistency reliability and a good fit for the
two-factor model among the data collected during Visit 1 of the nuMoM2b study. Those
who completed the interview in the Spanish language showed slightly lower fit indices
than the other subgroups, which reported a good model fit. This may be explained, as
discussed above, by the small number of participants that completed the interview in
Spanish (N=218). A larger sample of this subgroup is needed to further evaluate the

performance of STAI-T in the Spanish language.®!

2.5.4 Connor Davidson Resilience Scale (CD-RISC)

The Connor Davidson Resilience Scale (CD-RISC) is a 25-item scale that was
completed during the nuMoM2b study visit during the second trimester. CD-RISC was
developed by Connor and Davidson in 2003 to provide a reliable and valid measure of
resilience.®® The questionnaire consists of 25 items that assess how the participant has
been feeling over the past month using a 5-point Likert scale, ranging from 0 — “not true
at all” to 4 — “true nearly all of the time”. The highest possible score is 100, with higher
scores denoting greater resilience.*® Connor and Davidson utilized a variety of study
populations to test the validity and reliability of the scale, including the general
population and various clinical settings. They determined it is a good measure of
resilience, with high internal consistency, test-retest reliability, and convergent validity,
as well as demonstrated discriminant validity.®® Factor analysis determined there are five
factors in the scale representing: “personal competence, high standards, and tenacity;
trust in one’s instincts, tolerance to negative affect, and strengthening effects of stress;
positive acceptance of change and secure relationships with others; control; and spiritual

influences”. 3088
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A study using nuMoM?2b data performed a psychometric analysis of the scales
used in the study and found the CD-RISC performed well among the nuMoM2b sample,
with acceptable to high internal consistency reliability using Cronbach’s alphas.*® The

data was not provided in the publication.

2.5.5 Multidimensional Scale of Perceived Social Support (MSPSS)

The Multidimensional Scale of Perceived Social Support (MSPSS) is a 12-item
scale that was completed during the nuMoM?2b study visit in the first trimester. MSPSS
was developed in 1988 by Zimet et al. to measure “the perceived adequacy of social
support from the following three sources: family, friends, and significant other” using a
7-point Likert scale (range: 1 — “very strongly disagree” to 7 — “very strongly agree”).*
The total score can range from 12 to 84, with higher scores indicating greater perceived
social support. Zimet et al. found high internal reliability (Cronbach’s alpha: 0.85 — 0.91),
test re-test reliability, and strong factorial validity, with each question strongly loading
onto the intended factor (family, friends, or significant other) among the researcher’s
initial study population (university undergraduates).®® Furthermore, Zimet et al. explored
the reliability and consistency among pregnant women in their third trimester and had
similar findings.”® Overall internal reliability was high among pregnant women
(Cronbach’s a = 0.92), and this high internal reliability carried over to each of the factors
as well, with Cronbach’s alphas ranging from 0.90 to 0.94 for each.”® As in the previous
study population, each scale item strongly loaded onto the intended factor among the
pregnant sample population.”® These findings support the use of this scale to adequately

capture perceived psychosocial support among the nuMoM?2b study population.
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A study using nuMoM?2b data performed a psychometric analysis of the scales
used in the study and found the MSPSS performed well among the nuMoM2b sample,
with acceptable to high internal consistency reliability using Cronbach’s alphas.*’ The

data was not provided in the publication.

2.6 Specific Aims

2.6.1 Aim 1: Perceived Stress Associated with Placental Disease-Related Outcomes

Research has shown that there is an association between maternal stress and
adverse maternal and perinatal outcomes such as low birth weight and PTB.!*"!7
Furthermore, biological evidence has supported the physiological mechanism by which
maternal stress can lead to placental disease-related outcomes. However, the research on
perceived maternal stress, specifically, has been inconsistent. Additionally, most research
on maternal stress is focused on PTB and low birth weight outcomes. The first proposed
aim will seek to further contribute to body of research available relating to perceived
maternal stress and PTB and SGA and also expand upon such research by investigating
the association between perceived maternal stress and HDP and placental abruption. We
hypothesize there will be a significant relationship between perceived stress and the
outcomes of interest. Additionally, there will be a stronger association found at third
trimester time point in pregnancy than the association found using Visit 1 data.

e Aim 1: Evaluate the association between perceived stress during the first

trimester and third trimester and placental disease-related outcomes
(preterm birth, small for gestational age, placental abruption, and
hypertensive disorder of pregnancy). The outcomes will be evaluated as a

composite and each component individually.
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2.6.2 Aim 2: Role of Race/Ethnicity, Psychosocial Support, and Resilience

Research has demonstrated that there are evident racial and ethnic disparities with
adverse maternal and perinatal outcomes.?®? Differences in placental disease-related
outcomes, such as HDP, PTB and low birth weight, across race/ethnic groups are well-
characterized, as is the association between race and ethnicity and stress level.!>3%-33
Grobman et al. elucidated these racial/ethnic differences using nuMoM2b data.
Race/ethnicity was significantly associated with each of the psychosocial measures
conducted in the study including those that measure perceived stress, depression, anxiety,
resilience, and psychosocial support. NHB women were most likely to score the least
favorably for each.’® Additionally, Grobman et al. found significant associations between
placental disease-related outcomes and racial/ethnic groups, which remained after
controlling for income status.>*

With regards to psychosocial support, the body of research currently available has
established a foundation from which these proposed aims are justified. It has been
demonstrated that psychosocial support plays a positive role during pregnancy and can

t.3® However, research

interact with maternal stress, often referred to as a buffering effec
specifically examining the role of psychosocial support as an effect modifier on the
relationship between stress and placental disease-related outcomes is lacking.
Additionally, Dunkel et al. emphasized the importance of investigating psychosocial
support in conjunction with racial, cultural, and ethnic factors to further improve

t.36

understanding of the construct.’® This proposed aim will address the evident gap in the

literature as it pertains to the exploration of psychosocial support as a modifying factor
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between stress and placental disease-related outcomes while accounting for race/ethnicity
as well.

In previous research related to resilience, this psychological characteristic has also
played a buffering role. Resilience has a protective effect against adverse outcomes
related to stress, including traumatic stress and depression symptoms among soldiers and
symptoms of depression, anxiety, stress, and obsessive compulsive disorder among
adolescents.?”7>7¢ Much of the research related to resilience focuses on its modifying role
on the stress-anxiety-depression axis; studies have shown that resilience can significantly
modify both the direct relationship between stress and depression as well as the indirect
relationship through anxiety.?’?4* There is a significant gap in the literature as it relates
studies investigating the buffering effect of resilience among pregnant women and its
modifying role on the relationship between stress and placental disease-related outcomes.
Understanding the impact of resilience on stress, anxiety, and depression in pregnant
women is essential to inform the development of treatment and prevention strategies.
This gap in the literature will be addressed by this proposed research aim. We
hypothesize that race/ethnicity will significantly modify the relationship between
perceived stress and placental disease-related outcomes. Additionally, resilience and
psychosocial support will modify the association between perceived stress and placental
disease-related outcomes. Those with low resilience and low psychosocial support will
have a stronger association between perceived stress and the outcomes, and those with
high resilience and high psychosocial support will demonstrate a weaker association

between perceived stress and the outcomes of interest.
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e Aim 2: Explore whether race/ethnicity, psychosocial support, or resilience
modify the association between perceived stress and significant outcomes

from Aim 1.

2.6.3. Aim 3: Role of Depression and Anxiety and Moderated-Mediated Model

Theory supports the role of anxiety and depression as mediators of the association
between perceived stress and placental disease-related outcomes.*>>*#! The available
literature supports the conceptual model, which hypothesizes that perceived stress or
stressors precede other symptoms of psychopathology, including anxiety and
depression. 28424367 There is a large gap in the research related to the exploration of serial
mediation in the context of maternal and perinatal outcomes, specifically placental
disease-related outcomes. This proposed research aim will contribute to closing this gap
in the literature. Furthermore, the exploration of moderated mediation will aid in the
development of more targeted interventions before and during pregnancy to minimize the
physiological effects of the proposed psychopathological model.

These aims offer an opportunity to better understand the mechanism by which
stress, anxiety, and depression impact adverse maternal and perinatal outcomes and how
race/ethnicity, psychosocial support, and resilience modify that mechanism. We
hypothesize anxiety and depression will partially mediate the association between
perceived stress and the placental disease-related outcomes of interest. This mediation
will be serial, with anxiety having a direct relationship with outcomes as well as an
indirect association through depression using data from Visit 1. When assessing the

mediating role of depression using Visit 3 data, we hypothesize the association between
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perceived stress and the placental disease-related outcomes will be partially mediated by
depression. Additionally, there will be a stronger association found at this later time point
in pregnancy than the association found using Visit 1 data. This hypothesis is supported
by the findings that demonstrated the association between perceived maternal stress and
SGA were dependent on the time at which the measure was taken during pregnancy.

We hypothesize the moderated mediation model will demonstrate an inverse
relationship between psychosocial support and resilience with the anxiety-depression
mediated association between stress and the placental disease-related outcomes of
interest. Research has shown that those with lower psychosocial support and lower
resilience have greater risk of stress and related pregnancy outcomes. Additionally, we
hypothesize that race/ethnicity will significantly modify the mediated model. NHB,
Hispanic, and Asian mothers in the nuMoM2b study have a significant increased risk of
placental disease-related outcomes, such as PTB and SGA, compared with white mothers
in the nuMoM2b study.* Race is also significantly association with the reported
measures of stress, anxiety, and depression, with NHB scoring least favorable in each.*

e Aim 3a: Assess the role of depression and anxiety (serial mediation) in
explaining the association between perceived stress in the first trimester and
significant outcomes from Aim 1 (Figure 1) and the role of depression in
mediating (explaining) the association between perceived stress in the third
trimester and significant outcomes in Aim 1 (Figure 2).

e Aim 3b: Investigate resilience, psychosocial support, and race/ethnicity as
moderators of the mediated association between stress and significant

outcomes from Aim 1 (Figure 3 & Figure 4).
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Chapter 3: Methods

3.1 Nulliparous Pregnancy Outcome Study: Monitoring Mothers-to-Be (nuMoM2b)
Cohort

3.1.1 Study Design

The Eunice Kennedy Shriver National Institute of Child Health and Human
Development (NICHD) developed the Nulliparous Pregnancy Outcome Study:
Monitoring Mothers-to-Be (nuMoM2b) to gather data throughout the duration of
pregnancy of women who had never given birth to a child before (nulliparas). This study
is a prospective racially, ethnically, and geographically diverse cohort of a 10,038
nulliparous pregnant women with singleton pregnancies recruited from eight clinical
research sites and affiliated hospitals across the United States between October 2010 and
September 2013 (Table 1).!*” nuMoM2b had three main goals: “1) to determine
maternal characteristics, including genetics, epigenetics, and physiological response to
pregnancy as well as environmental factors that influence and/or predict adverse
pregnancy outcome; 2) identify specific aspects of placental development and function
that lead to adverse pregnancy outcome; and 3) characterize genetic, growth, and
developmental parameters of the fetus that are associated with adverse pregnancy
outcome”.”! The primary adverse pregnancy outcomes of interest were preterm birth

(PTB), preeclampsia, and fetal growth restriction.”!

Screening for eligibility was conducted during the first trimester visit at the
affiliated obstetric clinics. Trained study staff were responsible for screening individuals
for eligibility, explaining the study procedures and goals, and obtaining informed consent

from those willing and eligible to participate. Study staff explained the study in the
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participant’s native language, including Spanish and Vietnamese. Once enrolled,
participants were followed throughout their pregnancy; data were collected via
interviews, self-administered questionnaires, clinical measurements, chart abstraction,
ultrasound, and biological specimens (blood, urine, and cervico-vaginal fluid). Study
visits were conducted at four points during pregnancy: 1% trimester (6 weeks 0 days
through 13 weeks 6 days estimated gestational age (EGA)), early- to mid-2"! trimester
(16 weeks 0 days through 21 weeks 6 days EGA), late 2™ to early 3™ trimester (22 weeks
0 days through 29 weeks 6 days EGA), and at the time of delivery. Participants were also
invited to partake in ancillary studies that collected data on sleep disordered breathing,
sleep actigraphy, and fetal adrenal gland measurements; a small sub-cohort was followed

for 2-7 years after delivery for the Heart Health Study.

All clinical staff, nurses, sonographers, and data personnel were trained for the
purposes of this study; these individuals were trained to interview participants, collect
and process biospecimens, conduct appropriate research tests, and input study data. The
data were managed by a Data Coordinating and Analysis Center (DCAC) (RTI
International) that contributed to the protocol and managed and analyzed the data.

Biospecimens were stored at the specimen repository at NICHD.

All study sites utilized a common protocol, and obstetric and newborn care was
delivered in accordance with local practices and standards at the participating study sites.
Study visits were separate from clinical care; any data collected at these visits were not
made available to the participant’s clinical care provider, with the exception of specific
sonographic exam findings determined a priori that triggered the study staff to inform the

clinical provider (e.g., major fetal structural malformation, hydrops, fetal demise, etc.).
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The protocol was written as such to maintain the observational nature of the study and
not interfere with standard clinical practice, especially influencing clinical decisions that
could result in increased overtreatment based on data that was obtained at a study visit
and not part of routine prenatal care.!* Study visits typically lasted between 1-2 hours,
and participants were compensated for their time and effort to maximize study adherence.

The type and amount of compensation (e.g., car seats) was left up to each clinical site.

3.1.2 Target and Source Population

The target population was nulliparous pregnant women in the United States. The
source population included nulliparous pregnant women attending one of eight academic
medical centers or affiliated hospitals located across the United States between October
2010 and September 2013. The study population was racially, ethnically, and
geographically diverse (Table 2) and representative of the general racial and ethnic
breakdown of the United States population according to data from the 2020 United States
Census, which enables the results of this proposed study to be generalizable to the
intended target population.””> The nuMoM2b population was more educated compared
with the general United States population, with approximately 28% of participants having
completed college and 23% with degree work beyond college compared with 33% of
persons 25 years or older having completed a Bachelor’s degree or higher in the United
States according to the Census data.”> With a more educated study population, the results
of the proposed study may not be generalizable to all nulliparous pregnant women in the
United States. Data specific to the racial/ethnic breakdown and education level among

nulliparous women in the United States was not available for direct comparison.
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3.1.3 Inclusion and Exclusion Criteria for nuMoM2b Cohort

Women were recruited to participate in the nuMoM2b study during their first

trimester. During their first trimester visit, eligible participants were screened using the

following inclusion and exclusion criteria.

14,91

e Inclusion Criteria;

o

O

Attends an affiliate obstetric clinic and plans to deliver at one of the
clinical site hospitals;

Viable singleton gestation — a single living fetus with fetal cardiac activity
at the most recent ultrasound before enrollment;

Between 6 weeks + 0 days gestation and 13 weeks + 6 days gestation
when recruited; gestation confirmed via documented ultrasound crown-
rump length measurement conducted by a certified nuMoM2b
sonographer;

Nullipara - No prior pregnancy lasting 20 weeks 0 days or more (self-
reported measure). Gestational age of prior deliveries or losses was
confirmed by a review of medical records (if available) by study staff.
Self-reported pregnancy loss of 360 grams or more was also evidence of a

previous pregnancy beyond 20 weeks gestation.

e Exclusion Criteria:

O

O

Maternal age less than 13 years;

History of three or more spontaneous abortions;
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o Evidence of likely lethal fetal malformation at or prior to study enrollment
(e.g., anencephaly, hydrops, diffuse subcutaneous edema or cystic
hygroma, ectopic cordis, encephalocele);

o Known fetal aneuploidy (occurrence of one or more extra or missing
chromosomes);

o Assisted reproduction with a donor oocyte (surrogate pregnancy);

o Multifetal reduction,;

o Participation in another study that incorporates an intervention that is
anticipated to influence maternal or fetal outcomes;

o Prior enrollment in nuMoM2b;

o Plan to terminate the pregnancy;

o Inability to provide consent.

3.1.4 Data Collection

All questionnaire data was completed by the participant either during study visits
at one of the participating clinical sites or sent home with the participant to be completed
and returned by mail or in-person no later than the next study visit. All data were
collected by trained study staff. Table 3 lists the survey instruments that will be used in
these analyses and when each was completed during the course of this study. Study Visit
1 occurred after enrollment and between 6 weeks 0 days and 13 weeks 6 days EGA. At
this visit, baseline data were collected, such as blood pressure, height, weight, hip and
neck circumference, demographic characteristics, medical history, physical activity,
pregnancy symptoms, medication and supplement use, alcohol, drug and tobacco use, and

nutritional information. In addition to baseline data, multiple instruments were utilized to
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assess psychosocial characteristics and experiences as well as stress and mental health.
Perceived stress and depression were measured at Visit 1 using the Perceived Stress Scale
(PSS-10) and the Edinburgh Postnatal Depression Scale (EPDS), respectively. Prior to
the end of Visit 1, the EPDS was reviewed for endorsement of suicide ideation. If
present, a documented protocol was followed. The State Trait Anxiety Inventory — Trait
Subscale (STAI-T) and Multidimensional Scale of Perceived Social Support (MSPSS)
were used to measure trait anxiety and perceived social support; both of these
questionnaires were given to participants at Visit 1 to complete at home and return either
my mail or in-person no later than the next study visit. Multiple biospecimens (urine,
vaginal fluid, etc.) were collected during Visit 1 as well; these data will not be utilized in

the proposed aims.

Study Visit 2 took place early in the 2™ trimester between 16 weeks 0 days and 21
weeks 6 days EGA and a minimum of 4 weeks after the participant’s first study visit.
Clinical measurements were repeated (e.g., blood pressure, weight), and additional
demographic data were collected, including updates regarding alcohol, drugs and tobacco
use, physical activity levels, family health history, pregnancy symptoms, and current
habits. Information related to partner/father relationship was also obtained. Resilience
was measured at this visit using the Connor-Davidson Resilience Scale (CD-RISC). This
questionnaire was given to the participant during Visit 2 to be completed at home and
returned by mail or in-person no later than the next study visit. Biospecimens (blood,

urine, vaginal fluids) and sonographic assessments were collected at Visit 2 as well.

Study Visit 3 occurred between late 2" trimester and early 3™ trimester, more

specifically between 22 weeks 0 days and 29 weeks 6 days EGA. This visit was at least 4
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weeks after the participant’s second study visit. Similar to Visit 2, clinical measurements
(e.g., blood pressure, weight), updated interview data, biospecimens (blood, urine,
vaginal fluids), and sonographic assessments were obtained. Questionnaires related to
sleep patterns, pregnancy experience and difficulties, perceived stress, and depression
were administered. Again, perceived stress was measured using the PSS-10, and
depression was measured using the EPDS. Prior to the end of Visit 3, the EPDS was
reviewed for endorsement of suicide ideation. If present, a documented protocol was

followed.

At the delivery visit, interviews were conducted to obtain updates to medical
history, medication and supplement use, alcohol, drug and tobacco use, perceived reason
for labor admission, mode of delivery, and intended method of feeding the infant.
Biospecimens, including maternal blood, samples from the cord, placenta, and
membrane, were also collected at this visit. Approximately 30 days after delivery,
trained, certified chart abstractors collected data regarding birth outcomes and any

hospital readmissions from the participant’s medical records.

3.2 Proposed Secondary Analyses
3.2.1 Analysis Cohort

Eligibility for these analyses requires the pregnancy to be carried to 20 or more
weeks gestation. To be included in the analyses, the participant must have completed
Visit 1, Visit 2, and Visit 3. All items in the PSS-10, CD-RISC, MSPSS, and EPDS must
be completed in order for the instrument to be scored. For the STAI-T questionnaire, no
more than one item may be missing for the scale to be scored. If a participant is unable to
have one or more of the questionnaires used in these analyses scored, she will not be
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eligible for inclusion in the analysis cohort. Delivery outcome data, specifically related to
PTB, SGA, hypertensive disorder of pregnancy (HDP), and placental abruption, for each
participant is required in order to be included in each of the analyses, respectively. Those

missing race/ethnicity data will be excluded from the analyses.

Although 10,038 nulliparous pregnant women enrolled in the study, only 9,289 of
those participants consented to release their data to the shared database maintained by
NIH. Table 5 shows the anticipated number of participants with information available for
each of the psychosocial measures and outcomes utilized in these analyses. Of the 9,289
nuMoM2b participants with data available, more than 7,000 participants have completed
each of the psychosocial measures of interest. Available outcome data is greater than
94% for each individual outcome of interest, including 8,955 with available PTB data,
8,749 with available SGA data, 8,775 with available HDP data, and 8,785 with available

placental abruption data.

3.2.2 Study Variables
A summary of study variables can be found in Table 4; this includes the variable

name, definition, variable type, and role in the analyses.

3.2.2.1 Outcomes of Interest

The primary outcome is placental disease-related pregnancy outcomes, which
encompasses SGA, PTB, placental abruption, and HDP. These placental disease-related
pregnancy outcomes will be assessed both as a composite and individually. The
composite and each of the components will be dichotomous variables. The composite
will be scored as such: if a participant experienced any one or more of the outcomes
(Yes) or not (No). SGA is defined as birthweight less than the 10 percentile for
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gestational age using Alexander norms. PTB is defined as any birth occurring prior to 37
weeks 0 days gestation. Placental abruption is defined per clinical protocol of abruptio
placenta. Finally, HDP will be classified as “Yes” if a participant experiences one or
more of the following: new onset antepartum, intrapartum or postpartum hypertension,
preeclampsia, eclampsia, or superimposed preeclampsia. Outcome data was collected
either during a study visit or through medical chart extraction approximately 30 days

after delivery, as discussed in the data collection section.

3.2.2.2 Exposure of Interest

Perceived maternal stress is the exposure of interest. It was measured during Visit
1 and Visit 3 using PSS-10. PSS-10 consists of 10 items that use a 0-4 Likert scale (0 =
Never; 4 = Very Often).*? Higher scores represent greater perceived stress, with a
maximum score of 40.% Items 4, 5, 7, and 8 of the scale will be reverse coded so that the
higher values are indicative of greater perceived stress. Completion of all items is

required for the PSS-10 to be scored.

Categorizing stress into gradient levels, such as high, moderate, and low stress
groups, may be beneficial for the purposes of interpretation; however, there are no score
cut offs denoting “high”, “medium”, or “low” stress according to Cohen, the developer of

the PSS, as this questionnaire is not a diagnostic instrument.”?

Comparisons within one’s
study sample are the only comparisons that can be made. Perceived stress scores will be
analyzed as continuous variables to explore the relationship between perceived maternal

stress in the first and third trimester and the placental disease-related outcomes of

interest.
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3.2.2.3 Covariates

Several covariates will be considered for these analyses (Table 4). These include
maternal age, body mass index (BMI), education level, alcohol use, drug use,
comorbidities, and marital status. Maternal age will be treated as a continuous variable.
Education level, alcohol use, drug use, comorbidities, and marital status will be
categorical variables. If a participant responded “Yes” to “Did you drink alcohol in the
last month?” at Visit 1, 2, 3, or the delivery visit, then alcohol use during pregnancy is
“yes”. If a participant responded “Yes” to “Have you used illegal drugs or drugs not
prescribed for you in the last month?” at Visit 1, 2, 3, or the delivery visit, then drug use
during pregnancy is “yes”. Comorbidities will be a dichotomous variable; if a
participant has one or more of the following, then they are considered to have
comorbidities: diabetes mellitus, chronic hypertension, asthma, and/or kidney disease.
Maternal age, BMI, education level, comorbidities, and marital status were collected at
Visit 1. Alcohol use and drug use were assessed throughout pregnancy. These covariates
were chosen due to their potential role in confounding the relationship between perceived

maternal stress and the placental disease-related outcomes of interest.

3.2.2.4 Moderators

Three moderators will be explored in Aim 2 of these analyses: resilience,
psychosocial support, and race/ethnicity. Resilience was measured during Visit 2 using
CD-RISC, which consists of 25 items with a 5-point Likert scale. All items are required
to be completed in order for the instrument to be scored. The score is a summation of the
responses and can range from 0 to 100. Resilience will be a continuous variable.

Psychosocial support was assessed during Visit 1 using the MSPSS, a 12-item
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questionnaire that uses a 7-point Likert scale. All items must be completed for the scale
to be scored. To calculate the psychosocial support score, all items are summed; final
scores range from 12 to 84. Psychosocial support will be utilized as a continuous
variable. Race/ethnicity was collected at Visit 1; Non-Hispanic White will be the referent
group for these analyses. Each of these three variables will be assessed as moderators of
the relationship between perceived maternal stress and the placental disease-related
outcomes of interest. Any non-significant interactions will be dropped from the model.
Significant modifiers in Aim 2 will be included in the moderated-mediated model for

Aim 3b.

3.2.2.5 Mediators

Depression and anxiety are the two mediators of interest in Aim 3a of these
analyses. Depression was measured using EPDS at two points during pregnancy, during
Visit 1 and Visit 3. The EPDS is a 10-item questionnaire that utilizes a 4-point Likert
scale. Items 3 and 5-10 will be reverse coded so that higher values are indicative of more
negative feelings and experiences. Completion of all items is required for the EPDS to be
scored. To calculate the depression score, all items are summed; final scores range from 0
to 30. Both first trimester depression and third trimester depression will be continuous
variables. First trimester depression will be explored in a serial mediation model (Figure
1). Third trimester depression will be analyzed in a simple mediation model (Figure 2). If

there is full or partial mediation, the mediated model will be reported.

Trait anxiety was measured at Visit 1 using STAI-T, which is the trait subscale of
the STAL It is comprised of 20 items that use a 4-point Likert scale. Items 1, 3, 6, 7, 10,

13, 14, 16, and 19 will be reverse coded so that higher values are indicative of greater
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anxiety. No more than one item can be missing for the score to be computed. To calculate
the trait anxiety score, all non-missing item responses are averaged and then multiplied
by 20; final scores range from 20 to 80. Anxiety will be a continuous variable. Anxiety
will be explored in the serial mediation model in Aim 3a, where it will precede
depression in the first trimester as a mediator (Figure 1). If there is full or partial
mediation, the mediated model will be reported. For both the simple mediated model
(Figure 2) and the serial mediated model (Figure 1), full or partial mediation will be

carried through to Aim 3b where the moderated-mediated model will be explored.

3.2.3 Statistical Methods

3.2.3.1 Data preparation and descriptive statistics

Prior to conducting multivariable analyses, the frequencies and distributions of all
variables will be evaluated for missingness and outliers using univariate analysis. Percent
missing for each variable in these analyses will be quantified. Multivariable logistic
regression analyses between the key variables in the proposed aims (Table 4) and missing
PSS, EPDS, STAI-T, MSPSS, CD-RISC, and outcome variables (all dichotomous;
missing (Y/N)) will be evaluated to determine any patterns in missingness. If there are no
significant associations between the key variables and missingness, then the variables are
considered missing completely at random. If there is a significant association between
one or more key variables and missingness of one of more of the variables listed above,
then it indicates missingness is not completely at random and selection bias may be of

concern. Findings will be evaluated accordingly and discussed.

Outliers will be assessed by observing boxplots for each univariate analysis and

objectively determining whether identified outliers are beyond 1.5 times the interquartile
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range (IQR). If an outlier is between 1.5 and 3 times the IQR, it is a mild outlier. If it is
beyond 3 times the IQR, it is an extreme outlier. Outliers will also be assessed for clinical
relevance. If deemed not clinically relevant or an erroneous input, the outlier will be
deleted, which is the most conservative approach. Given the large sample size of the
study, power will not be affected by this approach. If clinically relevant, the outlier will

be kept as is and discussed.

A figure will be presented that shows inclusions and exclusions to form the final
analysis cohort. A descriptive statistics tables of the analysis cohort will be presented.
Descriptive statistics, such as chi square for categorical variables and Wilcoxon for
continuous variables, will be used to describe the characteristics of the analysis cohort

with those excluded due to missing data.

The number of PTBs not included in the analysis cohort will be quantified as well
as the number of early PTBs, defined as birth prior to 30 weeks gestation for the purposes
of these analyses. This cutoff was used because those who gave birth prior to 30 weeks
may not have had the opportunity to complete Visit 3, which took place between 22
weeks 0 days EGA and 29 weeks 6 days EGA. Participants with a PTB outcome who
were not included in the analysis cohort due to missing one of the surveys utilized in
these analyses will be compared with those who were included in the analysis cohort.
Sensitivity analyses will be carried out. For those excluded with a PTB outcome who are
missing PSS score at Visit 3, Visit 1 PSS score will be used as a proxy for the Visit 3 PSS
score. The Visit 3 analyses for Aim 1 will then be reanalyzed using those with PTB who
were previously excluded to determine the impact of the missingness of these PTB

deliveries. These results may inform potential biases related to missing data.
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The associations explored in these analyses may vary across study sites; however,
these analyses are unable to account for study site variability due to the limited public
release dataset. Each participant’s study identifier (StudyID), which specified her
affiliated study site, was replaced with a randomly generated participant ID (PublicID) to

remove any identifying information.

3.2.3.2 Direct Effect

All analyses will be conducted using SAS 9.4, and a p-value less than 0.05 will be
considered statistically significant. Multivariable logistic regression will be used to
explore the relationship between perceived maternal stress and the composite of placental
disease-related outcomes (if any are present) as well as the individual components (Aim
1) and estimate the odds ratio (OR and 95% confidence intervals (CI)). The assumptions
for logistic regression will be evaluated for each model. These assumptions include
binary outcome, independent observations, no multicollinearity, linearity of independent
variables and log odds, and large sample size. If multicollinearity is observed between
variables, the more statistically significant variable will be kept in the model, and the
other variable will be dropped. In the event that one variable is more clinically
meaningful than the other and both are statistically significant, that variable will be kept
in the model regardless of the strength of the statistical significance, and the other
variable will be dropped. If the assumption of linearity of independent variables and log

odds is violated, the linear and quadratic terms will be included in the model.

The exposure variables (perceived maternal stress in the first and third trimester)
will be continuous. Although categorizing perceived maternal stress may aid in

understanding and interpreting the potential non-linear relationship between stress and
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the outcomes, there are no a priori cut off ranges for gradation of the exposure levels

since this is not a diagnostic tool.”

If there is evidence of nonlinearity when evaluating
PSS score, both linear and quadratic terms will be included in the model. If the quadratic
term is statistically significant, then there is a nonlinear relationship between PSS score
and the outcome, and both the main effect and the quadratic term will remain in the
model. Additionally, perceived stress in the first trimester and third trimester are likely
correlated; however, these measures will be examined in separate models as opposed to
assessing them in the same model as repeated measures. The examination of repeated
measures would provide an assessment of the effect of the trajectory or development of
perceived maternal stress over time on the outcomes of interest. Based on the review of
the literature, there is a gap in the research pertaining to the timing of stress during
pregnancy and the outcomes of interest. Examining the association between stress in the
first trimester and the outcomes and stress in the third trimester and the outcomes will

contribute to understanding critical psychological points in pregnancy and their

relationship with placental disease-related outcomes.

Each outcome variable will be dichotomous. Potential confounding variables will
be evaluated for multicollinearity prior to developing multivariable models and adjusted
for as appropriate. This will be repeated for perceived maternal stress in the first trimester
and perceived maternal stress in the third trimester. Significant associations between
perceived maternal stress in either the first or third trimester and the outcomes of interest
will be further explored in Aim 2. Any outcomes that are not significantly associated with
the exposure, either perceived maternal stress in the first or third trimester, will not be

examined further in these analyses. If there are no significant associations found in Aim
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1, the study population will be stratified by race/ethnicity, and the aims will be carried
out using these stratified groups. The existence of subpopulations can result in the
dilution of the total effect and possibly produce a total effect of zero.”* If there are
enough participants in a subgroup that does not demonstrate a statistically significant
association between the exposure and outcome, then the association among other smaller

subgroups in a large sample population can be difficult to detect.”*

Given a large
proportion of the nuMoM2b population is non-Hispanic white (60.3%), and non-Hispanic
blacks (13.45%), Hispanics (17.23%), and Asians (3.93%) in the nuMoM2b population
have demonstrated a significant association with the various psychological measures used
in the study as well as some of the outcomes of interest, Hayes’ explanation of a potential
null overall finding in Aim 1 due to a dilution of the total effect may be valid in this study
population. Therefore, the study population will be stratified by race/ethnicity, and the

aims will be carried out using these stratified groups if no significant associations are

observed in Aim 1.

3.2.3.3 Moderation

Moderation will be explored in Aim 2 using multivariable logistic regression. The
assumptions of logistic regression will be evaluated. Race/ethnicity, psychosocial
support, and resilience will be assessed as potential effect modifiers of the relationship
between perceived maternal stress in the first trimester (continuous) and each significant
outcome from Aim 1 (dichotomous) as well as perceived maternal stress in the third
trimester (continuous) and each significant outcome from Aim 1 (dichotomous).
Significant confounding variables from Aim 1 will be adjusted for in these analyses, as

appropriate. The first set of models will examine whether each moderator has a
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significant effect on the relationship between perceived maternal stress in the first
trimester and each significant outcome from Aim 1. The second set of models will
examine whether each moderator has a significant effect on the relationship between
perceived maternal stress in the third trimester and each significant outcome from Aim 1.
Interaction terms for each of the moderators and the exposure for each model will be
examined in the respective models. Non-significant interaction terms will be dropped
from each model. All significant moderators will be included in each of the final models
for Aim 2. Significant moderators will be carried on to Aim 3b where moderated-
mediation will be explored. Results for each model will be presented in a table for this

aim.

3.2.3.4 Serial Mediation and Simple Mediation

Mediation by depression and anxiety will be explored in the appropriate models
using PROCESS macro. With a dichotomous outcome, PROCESS macro uses logistic
regression as opposed to ordinary least squares regression to carry out the analyses;
therefore, the assumptions of logistic regression will be evaluated. The first set of
mediation models will include perceived maternal stress in the first trimester (continuous)
as the exposure and each significant outcome from Aim 1 (dichotomous) and will
examine serial mediation through anxiety (continuous) and depression in the first
trimester (continuous) (Figure 1). The second set of models include perceived maternal
stress in the third trimester (continuous) as the exposure and each significant outcome
from Aim 1 (dichotomous) and will examine simple mediation through depression in the
third trimester (continuous) (Figure 2). There are three main steps when evaluating these

models: (1) constructing a conceptual model; (2) translating a conceptual model into a
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statistical model; (3) estimating the statistical model.** The conceptual model for the
serial mediation model using measures from the first trimester is shown in Figure 1, and
the conceptual model for the simple mediation model using measures from the third
trimester is shown in Figure 2. Covariates will be included as exogenous variables in
each model. The PROCESS macro in SAS will be utilized to estimate the statistical
model; this methodology was developed by Hayes in 2012.%*

Mediation analyses are carried out in a two-stage approach. First, the exogenous
variable (exposure) will be regressed on each endogenous variable (outcome) to find the
zero order effect, as was explored in Aim 1. Each exogenous variable will also be
regressed on each mediator, and each mediator will be regressed on each endogenous
variable. Next, the mediating variable will be included in the model if the exogenous
variable significantly predicts the mediator and the mediator significantly predicts the
endogenous variable. Direct and indirect effects in the model will be analyzed. Finally,
for the serial mediation models, all significant mediators will be included in each model
and tested together. If the direct effect between the exogenous variable and endogenous
variable is no longer statistically significant, then the model is fully mediated. If the
direct effect remains statistically significant and the indirect effect is also significant, the
model is partially mediated. The direct and indirect effects will be quantified and

presented.

3.2.3.5 Moderated-Mediation
If there are significant moderators from Aim 2 and significant mediators in the
models from Aim 3a, conditional process analyses will be used to explore moderated-

mediation via the PROCESS macro in SAS. The conceptual models for these analyses
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using first and third trimester measures are shown in Figure 3 and Figure 4, respectively,
and will be respecified as needed given the findings of the previous aims. These analyses
will be exploratory given the minimal literature available on the combination of these
complex mechanisms. Each moderator will be included in the model individually first.
Then all significant moderators will be included in the final model for each the first and
third trimester measures. Covariates will be included as exogenous variables in each

model. Finally, the conditional direct and indirect effects will be quantified.

3.2.4 Power Analyses
Power analyses were carried out for Aim 3, the most complex aim, and one model
in Aim 1. If there is sufficient power shown to carry out the most complex analyses, then

there is sufficient power to carry out the less complex aims (Aims 1 & 2).

3.2.4.1 Direct Effect

Power analyses were completed for the first trimester model with PTB as the
outcome (Table 6). In the United States, the national burden of PTB was 10.1% in
2020.'2 Based on publications using nuMoM2b data, approximately 26% of nuMoM2b
participants scored as having the greatest perceived stress (>75th percentile) using PSS
completed at Visit 1. Assuming a fixed sample size of 7,000 participants, 1,820
participants would have scored among the worst in perceived stress. With an alpha of
0.05 and assuming incidence of PTB among the unexposed is between 9-11%, there is
sufficient power to detect a minimum detectable relative risk of 1.3. The estimated power
available to detect a relative risk of 1.3 ranges from 82% to 87%. A 30% increased risk of
PTB among those with greater perceived maternal stress is clinically relevant and

sufficient to warrant intervention and further research.
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3.2.4.2 Serial Mediation

The serial mediation conceptual model from Aim 3a (Figure 1) was used to
conduct power analyses. The serial mediation model in Figure 1 has 10 pieces of
information, since there are 4 manifest variables in the model (perceived stress (1
trimester), anxiety (1% trimester), depression (1% trimester), and the outcome variable).
There are 8 parameters to be estimated in this model, including 6 paths (3 paths from the
exogenous variable, 3 paths from the mediators), 1 disturbance term (u), and 1 variance.
With 10 pieces of information and 8 parameters to be estimated, this model is over-
identified. Therefore, we can derive a unique estimate of parameters, and the model can

be tested for goodness of fit.

Monte Carlo Power Analysis for Indirect Effects was used to calculate the power
for this analysis.”” The power calculation used a sample size of 7000 to account for the
inclusion criteria for this study. More than 7000 participants completed each of the
questionnaires utilized in these analyses; therefore, the power generated using an
estimated sample size of 7000 will be an underestimate. The Monte Carlo power analyses
used a serial mediation model with an alpha of 0.05. The number of power analysis
replications was set to 1,000; the number of Monte Carlo draws per replication was set to
20,000; and the random seed was set to 1234. Correlations between the exogenous
variable and endogenous variables as well as between the mediators and the outcome
variable were estimated conservatively. Each correlation was set to 0.05, which is
indicative of a weak association. The following standard deviations, reported by
Grobman, et al., were used for each variable: 6.5 for perceived stress in the first trimester,

8.5 for anxiety, 4.1 for depression in the first trimester, and 0 for the outcome variable.*
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With these inputs, there is 93% power to detect the indirect effects hypothesized by the
model. It is expected that the association between the variables in the model will be
greater than the weak association used in this power analysis; therefore, there should be

more than sufficient power to explore serial mediation using these data.

3.2.4.3 Moderated Mediation

A power analysis was conducted using the moderated-mediated conceptual model
from Aim 3b (Figure 3). It is expected that this model will have the smallest power value;
therefore, all other aims will meet or exceed the power of this proposed model. The
moderated-mediated model in Figure 3 has 28 pieces of information, given there are
seven manifest variables in the model (perceived stress (1% trimester), anxiety (1%
trimester), depression (1% trimester), resilience, psychosocial support, race/ethnicity, and
the outcome variable). There are 26 parameters to be estimated in this model, including
24 paths (6 paths from each of the 3 moderators, 3 paths from the exogenous variable, 3
paths from mediators to endogenous variables), 1 disturbance term (u), and 1 variance.
With 28 pieces of information and 26 parameters to be estimated, this model is over-
identified. Therefore, we can derive a unique estimate of parameters, and the model can

be tested for goodness of fit.

Monte Carlo Power Analysis for Indirect Effects was used to calculate the power
for this analysis.” A separate analysis was run using the sample size for each
racial/ethnic group to explore the power for the moderated-mediated model. The number
of non-Hispanic whites (5,988), non-Hispanic blacks (1,420), Hispanics (1,699), Asians
(406), and Other (514) were specified in each power analysis run. A weak correlation was

used (r=0.10) for each relationship specified; the same standard deviation inputs from the
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power analysis of the serial mediation model above were utilized. The Monte Carlo
power analyses used a serial mediation model with an alpha of 0.05. The number of
power analysis replications was set to 1,000; the number of Monte Carlo draws per

replication was set to 20,000; and the random seed was set to 1234.

Using a weak correlation (r=0.10), sufficient power to detect the indirect effects
hypothesized by the model was demonstrated among the sample of non-Hispanic whites
(100%), non-Hispanic blacks (78%), and Hispanics (84%) (Table 7). There was not
sufficient power to detect the indirect effects among Asians (6%) or Others (12%);
however, when these two racial/ethnic categories were combined, the power improved
(47%). Using a slightly greater correlation (r=0.15), the power among the sample of
Asians and Other further improved to 35% and 53%, respectively (Table 7). When the
two categories were combined, this power estimate was 90%, which demonstrates

sufficient power to detect the proposed indirect effects of the mediated model.

3.3 Strengths, Limitations, and Proposed Solutions

There are several evident strengths of this study. Foremost, the nuMoM2b study is
geographically and racially/ethnically diverse and representative of the United States
population, optimizing the generalizability of the results. Having participants from
numerous clinical sites across the United States makes it less likely for these data to be
affected by selection bias. In addition to the representative sample, the large sample size
allows for small relationships and complex mechanisms to be detected. Second, the
proposed study is a secondary analysis of a publicly available dataset. Using an existing
dataset with such a wealth of validated clinical and psychological measures makes the

exploration of mechanisms more feasible as it would have been difficult to conduct a
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study of this magnitude without the existing nuMoM2b data. Furthermore, each

psychological measure performed well in this study population.

Another strength is all study staff were trained specifically for this study, enabling
the procedures and measures to be uniform across study sites. Having a standard protocol
used across study sites minimized the potential for misclassification. Study staff and
study visits were also separate from the participant’s routine prenatal care, and results
were not shared with the participant’s clinician unless they met the criteria outlined in the
Study Design section above. Keeping this separation allowed for the integrity of the study
to be maintained as study measures and findings did not influence the prenatal care of the
participant, which otherwise may have resulted in overtreatment or treatment not
representative of routine prenatal care received in the United States. Additionally, the
prospective cohort study design allowed for temporality to be established. Finally,
restricting the study to nulliparous women removes the influence of previous pregnancies
and deliveries from the variables being explored in the analysis. A woman who has
already had a child or other complications in a previous pregnancy may have different
risk factors for adverse pregnancy outcomes in subsequent pregnancies or deliveries,

which would have influenced the results of this study.

Retention was another strength of the nuMoM2b study (Table 8).%° At Visit 1,
10,028 participants were present and completed the main maternal interview form. At
Visit 2, 9,412 participants who completed the maternal interview were present, and 5.7%
of participants withdrew (N=167) or were categorized as “Other/Missing” (N=407),
which represents not having completed the maternal interview form.*® At Visit 3, 9,217

participants who completed the maternal interview were present, and 7% of participants
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withdrew (N=213) or were categorized as “Other/Missing” (N=489).% In addition to
overall retention, delivery outcomes are available for nearly all participants except those
who withdrew, which represents a small portion of the sample population. These
strengths minimize the introduction of potential biases due to loss to follow up and

missingness of data.

The use PROCESS macro for mediation and conditional process modeling is a
strength of the proposed analyses. Unlike other structural equation and path analysis
methods that require the assumption of normality to be satisfied, PROCESS macro
recognizes when a dichotomous outcome is utilized in a model. If PROCESS detects only
two values for the outcome variable, logistic regression will be automatically used in
place of ordinary least squares regression.”® PROCESS also allows for categorical
moderators to be utilized, which will be needed when exploring moderated-mediation
with race/ethnicity as a moderator. Finally, bootstrap confidence intervals, which use a
sampling with replacement technique, are generated for the indirect effects of the models

when using PROCESS macro.

There are limitations to the nuMoM2b study. First, although the focus on
nulliparous pregnant women is a strength, as described above, it limits the
generalizability of the study. Study results are not generalizable to multiparous women.
Second, although nuMoM?2b utilized validated psychological measures that performed
well in the study population, those measures were based on self-reported data. Self-
reported data, especially related to sensitive subject areas such as stress, anxiety,
depression, psychosocial support, and resilience, may be subject to social desirability

bias. Participants may underreport feelings of stress, anxiety, and depression and
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overreport perceived psychosocial support and resilience. A third limitation of the
nuMoM2b study is the potential for misclassification of the outcomes of interest.
Although the outcomes were standardized and specific definitions were utilized per the
study protocol, the outcomes were not centrally adjudicated. This could have resulted in
misclassification of the outcomes included in these proposed analyses. This
misclassification would be non-differential and bias the results towards the null,
underestimating the true association between the exposure and outcome. In addition to
not centrally adjudicating the outcomes of interest, diagnosis date for pregnancy
associated hypertension diagnoses was not provided; therefore, these outcomes could
have occurred prior to the Visit 3 stress exposure being evaluated in these analyses.
Temporality of this exposure (PSS at Visit 3) and outcome (HDP) analysis cannot be

confirmed.

A limitation to using the limited public release nuMoM?2b dataset is the inability
to account for variability across study sites. Each participant’s study identifier (StudyID),
which specified her affiliated study site, was replaced with a randomly generated
participant ID (PublicID) to remove any identifying information. Therefore, we are
unable to investigate whether the associations explored in these analyses vary across

study sites.

The large sample size available for these analyses enables the exploration of the
complex mechanisms proposed in the research aims; additionally, with a large sample
size, the likelihood of statistically significant findings is increased. However, statistically
significant p-values, although useful, can be misleading as they are not always indicative
of clinically meaningful results. Therefore, statistically significant findings in the
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proposed analyses will be evaluated from a public health significance perspective and
discussed in the context of clinical significance as opposed to solely statistical
significance. On the contrary, if race-stratified analyses are pursued, this would reduce
the power available to detect statistically significant associations. As a result, findings
may be clinically significant but not necessarily statistically significant. Clinically
meaningful results will be reported and discussed in this context, regardless of statistical

significance.

There are limitations to the proposed analyses as well. One limitation is the
inability to establish temporality between stress, anxiety, and depression as each was
measured at the same time point in the first trimester, and stress and depression were
measured at the same time point in the third trimester. However, literature supports the
conceptual model presented in this proposal, with stress preceding anxiety and depression
and anxiety preceding depression in the serial mediation model. Another limitation is the
mediation analysis of the third trimester psychological measures, which is restricted to
simple mediation because anxiety was only measured during the first trimester. This
limitation does not allow for the complex mechanisms between stress, anxiety, and
depression in the third trimester to be explored in a single integrated model, as they are in

the first trimester model of serial mediation.

A limitation of using PROCESS to explore the moderated-mediated model is
PROCESS cannot handle more than two moderators in a single model. Therefore, if all
three moderators from Aim 2 are statistically significant, PROCESS will be unable to
include all three at moderators in a single moderated-mediated model. A proposed

solution is the moderated-mediated model will be evaluated three separate times using
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one moderator at a time while controlling for the other moderators and their interaction
terms. If only two moderators are significant in Aim 2, both can be explored in a single

moderated-mediated model using PROCESS macro.

Another limitation is Aims 2 and 3 are dependent on at least one significant
finding in Aim 1. According to Hayes (2012), a statistically significant total effect (e.g. a
significant finding for the association between perceived stress and the placental disease-
related outcomes of interest) is not necessary for there to be an indirect mechanism
through which that exposure is associated with the outcome variable.”* Hayes further
states that the causal steps strategy, also known as Baron & Kenny, that requires a
significant total effect between the exposure and outcome prior to testing the indirect
effects of a mechanism, results in under analyzing one’s data.’* Additionally, the
existence of subpopulations can result in the dilution of the total effect and possibly
produce a total effect of zero.* If there are enough participants in a subgroup that does
not demonstrate a statistically significant association between the exposure and outcome,
then the association among other smaller subgroups in a large sample population can be
difficult to detect.”* Given a large proportion of the nuMoM2b population is non-
Hispanic white, and non-Hispanic blacks, Hispanics, and Asians in the nuMoM2b
population have demonstrated a significant association with the various psychological
measures used in the study as well as some of the outcomes of interest, Hayes’
explanation of a potential null overall finding in Aim 1 due to a dilution of the total effect
may be valid in this study population. Therefore, the following is a proposed solution to
this limitation. If there are no significant associations found in Aim 1, the study

population will be stratified by race/ethnicity, and the aims will be carried out using these
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stratified groups. The association between perceived stress and the placental disease-
related outcomes will be explored among non-Hispanic whites, non-Hispanic blacks,
Hispanics, Asians, and Other. Given the limitations on power due to the small sample
sizes of some racial/ethnic groups in the sample, race/ethnic groups may need to be
combined for these analyses. The stratified analyses will be carried through to Aim 2
where resilience and psychosocial support will be investigated as moderators of the
significant associations from Aim 1, and then Aim 3a where serial mediation and simple
mediation will be evaluated. If there are significant moderators from Aim 2 and
significant mediation in Aim 3a, a moderated mediated model will be analyzed in Aim

3b.

Finally, epiphenomenal associations and residual confounding are limitations of
concern in these analyses. An epiphenomenal association refers to the possibility of
alternate variables driving the model being investigated. For example, when looking at a
simple mediation model, the effect of X on Y directly, as well as indirectly through M, is
explored. The epiphenomenon occurs when it appears there’s a relationship between M
and Y but perhaps X affects some other variable (not M) that is simply correlated with M.
It is this correlation between M and the variable not included in the model that makes it
appear as if X is affecting Y indirectly through M in the model. This limitation is not of
great concern in the models proposed in this study. Previous research and theory have
demonstrated the pathways being explored; therefore, epiphenomenal findings are not
likely. On the other hand, confounding is always a concern in analytical studies. In these

analyses, potential confounding variables are evaluated and included in each model as
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appropriate; however, there is the possibility of residual confounding due to measured or

unmeasured confounding variables not being included in the models.

The results of these analyses will provide insight into the complex psychological
mechanisms that contribute to placental disease-related adverse pregnancy outcomes.
Although the investigation of stress, depression, and anxiety has been explored in the
literature, the application of that psychological axis and the exploration of moderated
mediation by resilience, psychosocial support, and race/ethnicity will provide new
insights for future research. It will also offer an opportunity for the development of new
targeted interventions during prenatal care to minimize the effects of these psychological

mechanisms on adverse pregnancy outcomes.
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Chapter 4: Results

4.1 Analysis Cohort

A total of 10,038 individuals participated in the nuMoM2b study; 7,095
participants were eligible for these analyses (Figure 5). Of those who initially participated
in the nuMoM2b study, 9,289 consented to release their data to the publicly available
dataset in NICHD DASH. Determinants for exclusion from this analysis cohort included:
carrying pregnancy to less than 20 weeks gestation (N=430), race/ethnicity data not
available (N=4), and missing one or more of the 7 surveys used in these secondary
analyses (N=1,760). Of the 7,095 participants in these analyses, all had PTB data
available; 7,047 (99.3%) had SGA data available; 7,059 (99.5%) had placental abruption

data available; and 7,051 (99.4%) had HDP data available.

Table 9 provides descriptive statistics of the analysis cohort and a comparison of
the demographics among mothers included and excluded from the analysis cohort. Table
10 shows the range and median survey scores of the nuMoM2b participants included in
these analyses. No extreme outliers were noted in the data. The average age of mothers
included in the analyses was 27 years of age. A majority of those included were married
(63.67%), had a Bachelor’s degree or beyond (53.76%), did not use alcohol (86.41%) or
drugs (98.63%) during pregnancy, and did not have comorbidities (74.18%). Those
included in the analysis cohort were slightly older than those excluded. Additionally,
compared with those who were excluded from the analysis cohort, a higher proportion of
non-Hispanic White and lower proportion of non-Hispanic Black and Hispanic mothers
were included. A higher proportion of those included had higher education levels

compared with those who were excluded. Furthermore, a majority of those excluded were
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not married (54.47%), and about half did not have comorbidities (52.87%). Alcohol and
drug use was approximately the same across those included and excluded from the
analysis cohort. With regards to the outcomes of interest, a high proportion of those
excluded had at least one of the outcomes of interest (51.50%). One third of those
excluded from the analysis cohort had a PTB outcome (N=679; 30.95%), and of those
679 PTB outcomes, there were 105 early PTB, defined as birth prior to 30 weeks

gestation.

4.1.1 Missingness

Missingness of each key variable was evaluated to determine patterns of
missingness. Missingness of PSS at Visit 1 was not significantly associated with any of
the key variables or outcomes. Race/ethnicity and marital status were significantly
associated with missing PSS at Visit 3. Compared with non-Hispanic White nuMoM2b
participants, non-Hispanic Black (p<0.0001), Hispanic (p<0.0001), and Asian (p=0.0420)
participants were more likely to have a missing PSS score at Visit 3. Those who were
married were 2 times more likely to have a missing PSS score at Visit 3 compared with
those who were not married (OR=2.06; 95% CI: 1.77, 2.40). Missingness of PSS at Visit

3 was not significantly associated with any outcomes of interest.

Race/ethnicity was significantly associated with missing EPDS at Visit 1.
Compared with non-Hispanic White nuMoM2b participants, non-Hispanic Black
(p<0.0001) and Hispanic (p<0.0001) participants were more likely to have a missing
EPDS score at Visit 1. Missingness of EPDS at Visit 1 was not significantly associated
with any outcomes of interest. Race/ethnicity was also associated with missing EPDS at
Visit 3. Compared with non-Hispanic White nuMoM?2b participants, non-Hispanic Black
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(p<0.0001), Hispanic (p<0.0001), and Other (p=0.0026) participants were more likely be
missing EPDS at Visit 3. Missing EPDS at Visit 3 was also significantly associated with

PTB (p<0.0001).

Missingness of STAI-T was significantly associated with race/ethnicity
(p<0.0001), maternal age (p<0.0001), maternal BMI (p<0.0001), education (p<0.0001),
and marital status (p<0.0001). Compared with non-Hispanic White nuMoM2b
participants, non-Hispanic Black (p<0.0001), Hispanic (p<0.0001), Asian (p=0.0018),
and Other (p=0.0026) participants were more likely to be missing STAI-T. Being married
was associated with a 74% reduction in the likelihood of missing STAI-T (OR=0.36;
95% CI: 0.31, 0.41). With regards to education, the higher the education level the less
likely STAI-T was missing. Missing STAI-T was also significantly associated with PTB

(p<0.0001).

Race/ethnicity was associated with missing CD-RISC. Compared with non-
Hispanic White nuMoM2b participants, non-Hispanic Black (p<0.0001) and Hispanic
(p<0.0001) participants were more likely to be missing CD-RISC. Missingness of CD-

RISC was not significantly associated with any outcomes of interest.

Missingness of MSPSS was significantly associated with maternal age
(p<0.0001), race/ethnicity (p<0.0001), education (p<0.0001), and marital status
(p<0.0001). Compared with non-Hispanic White nuMoM2b participants, non-Hispanic
Black (p<0.0001), Hispanic (p<0.0001), and Other (p<0.0001) participants were more
likely to be missing MSPSS. With regards to education, the higher the education level the

less likely MSPSS was missing. Being married was associated with a 74% reduction in
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the likelihood of missing MSPSS (OR=0.36; 95% CI: 0.32, 0.42). Missing MSPSS was

also significantly associated with PTB (p<0.0001).

Missingness of each outcome of interest was analyzed. Race/ethnicity was
significantly associated with missingness of SGA, PA, and HDP. SGA data was missing
for 281 nuMoM2b participants. Non-Hispanic Black (p=0.0004), Hispanic (p=0.0002),
and Other (p=0.0027) participants were more likely to be missing SGA data compared
with non-Hispanic White participants. Data for PA was missing for 250 nuMoM2b
mothers. Non-Hispanic Black (p=0.0003), Hispanic (p<0.0001), and Other (p=0.0054)
participants were more likely to be missing PA data compared with non-Hispanic White
participants. Non-Hispanic Black (p=0.0009), Hispanic (p<0.0001), and Other
(p=0.0098) participants were more likely to be missing HDP data compared with non-

Hispanic White participants.

Overall, race/ethnicity and marital status were the most commonly associated
variables with missingness of the key surveys and outcomes. This indicates selection bias
may have influenced the results of these analyses. Participants included in the analyses
were more likely to be non-Hispanic White and married, which are indicators for
decreased risk of many adverse pregnancy outcomes, including the outcomes of interest

in this study.

4.2 Direct Effect (Aim 1)
Unadjusted and adjusted results exploring PSS score at Visit 1 (PSSv1) and each
outcome of interest are presented in Table 11. The odds ratios reported are per unit score.

Correlations between the proposed covariates, which included maternal age, maternal
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BMI, education, marital status, and comorbidities, were examined. Maternal age was
highly correlated with education (r=0.63) and moderately correlated with marital status
(r=0.46). Marital status and education were also moderately correlated (r=0.57). No other
variables were correlated with one another. Maternal age was dropped as a potential
confounding variable, given it was highly and moderately correlated with two variables
and not significantly associated with PTB, PA, HDP, or the composite outcome. Marital

status and education remained as covariates in the models.

In the first set of models, there was no statistically significant relationship
between PSSv1 and PA or HDP (Table 11). A statistically significant association was
demonstrated in the unadjusted models evaluating PSSv1 and each of the following
outcomes: SGA, PTB, and composite. After adjusting for maternal BMI, education,

comorbidities, and marital status, these associations were no longer significant.

Unadjusted and adjusted results examining PSS score at Visit 3 (PSSv3) and each
outcome of interest are presented in Table 12. PSSv3 was a significant predictor of SGA,
PTB, and the composite outcome in the unadjusted models. After adjusting for maternal
BMI, education, comorbidities, and marital status, PSSv3 remained a significant predictor
of SGA and PTB. There was a 1.6% increased odds of SGA for each unit increase in
PSSv3 (OR=1.016, 95% CI: 1.004, 1.029). PSSv3 had a curvilinear relationship with
PTB; therefore, both the linear and quadratic terms were included in those models.
Quartile cutoff points were used to show the curvilinear association for the unadjusted
and adjusted models (Table 13, Figure 6). In the unadjusted model, there was a borderline
significant protective effect at the lowest PSSv3 score. No association was seen at the

25" percentile (PSSv3 = 7) and 50™ percentile scores (PSSv3 = 10). A statistically
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significant positive relationship was shown for PSSv3 scores at the 75" percentile
(PSSv3 = 15) and above. After adjusting for maternal BMI, education, comorbidities, and
marital status, a protective effect remained evident at the lowest PSSv3 score, with a 6%
reduction in the odds of PTB at a PSSv3 score of 0. A borderline protective effect was
also evident at the 25™ percentile PSSv3 score after adjusting for the confounders noted
(OR =0.976, 95% CI: 0.953, 0.999). No significant association was noted at the median
PSSv3 score after adjusting for confounders. After adjusting for maternal BMI,
education, comorbidities, and marital status, a 2% increased odds of PTB was
demonstrated at the 75" percentile PSSv3 score, and a 16% increased odds of PTB was

demonstrated at the greatest PSSv3 score (PSSv3 = 40).

4.3 Moderation (Aim 2)

Moderation analyses were carried out for PSSv3 as a predictor of SGA and PTB
outcomes. Interaction terms for PSSv3 and race, MSPSS, and CD-RISC were each
explored in three separate models. The p-values for the interaction terms in each
unadjusted and adjusted model were reported in Table 14. There were no statistically
significant interactions in the unadjusted or adjusted models with the SGA outcome. This
indicates no moderation of the association between PSSv3 and SGA by race,
psychosocial support, or resilience. There were also no statistically significant
interactions in the unadjusted or adjusted models with the PTB outcome. This indicates
no moderation of the association between PSSv3 and PTB by race, psychosocial support,

or resilience.
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4.4 Mediation (Aim 3a)
4.4.1 Mediation (PSSv3 = Depression 2 SGA)

A simple mediation analysis was conducted using logistic regression in
PROCESS to evaluate the indirect effects of perceived stress at Visit 3 on SGA outcome
through depression measured at Visit 3. Unstandardized path coefficients are presented in
Figure 7 for the unadjusted and adjusted models, and the quantified indirect and direct
effects are presented in Table 15. The adjusted model was controlled for maternal BMI,
comorbidities, education, and marital status. In both models, perceived stress at Visit 3
had a positive association with depression and SGA, indicating greater stress was
associated with greater depression and greater odds of SGA (Figure 7). Depression had
an inverse relationship with SGA although this relationship was not statistically

significant.

In the unadjusted model, a significant direct effect remained after introducing
depression at Visit 3 as a mediator in the model (Z=2.7836, p=0.0054). The indirect
effect of PSSv3 on SGA through depression at Visit 3 was not statistically significant,
with zero included in the bootstrap confidence interval (95% Boot CI: -0.0149, 0.0100).
There was no mediation by depression at visit 3 in the unadjusted model. In the adjusted
model, the direct effect of PSSv3 on SGA was borderline not significant (Z=1.9002,
p=0.0574). The indirect effect remained not significant, with zero included in the
bootstrap confidence interval (95% Boot CI: -0.0151, 0.0115). Although this indicates
there is no mediation through depression at Visit 3 on the relationship between perceived

stress at Visit 3 and SGA, there is some influence of the mediation path and covariates
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included in the model on the direct effect between PSSv3 and SGA given the direct effect

was no longer significant in the adjusted model.

4.4.2 Mediation (PSSv3 = Depression > PTB)

A simple mediation analysis was conducted using logistic regression in
PROCESS to evaluate the indirect effects of perceived stress at Visit 3 on PTB outcome
through depression measured at Visit 3. Unstandardized path coefficients are presented in
Figure 8 for the unadjusted and adjusted models, and the quantified indirect and direct
effects are present in Table 15. The adjusted model was controlled for maternal BMI,
comorbidities, education, and marital status, and a quadratic term for PSS score at Visit 3
was included as a covariate to account for the curvilinear relationship between PSS score
at Visit 3 and PTB. In both models presented in Figure 8, PSSv3 had an inverse
relationship with PTB, indicating lower perceived stress increased odds of PTB. PSSv3
had a positive association with depression at Visit 3, and depression at Visit 3 had a

positive relationship with PTB.

In the unadjusted model, there was a significant direct effect (Z=-2.3200,
p=0.0203); PSSv3 had an inverse association with the outcome. This may be explained
by the curvilinear relationship between PSSv3 and PTB. The quadratic term
demonstrated a significant positive association with PTB (Z=3.2959, p=0.0010). The
indirect effect in the unadjusted model was not statistically significant, with zero included
in the bootstrap confidence interval (95% Boot CI: -0.0052, 0.0160). There were similar
findings in the adjusted model. The direct effect demonstrated a significant inverse
relationship between PSSv3 and PTB (Z=-2.9787, p=0.0029). The quadratic term for

PSSv3 showed a significant positive relationship with PTB (Z=3.5623, p=0.0004). The
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indirect effect was not statistically significant, with zero included in the bootstrap
confidence interval (95% Boot CI: -0.0079, 00138). There was no mediation of the

perceived stress at Visit 3 on PTB by depression measured at Visit 3.

4.4 Moderated Mediation (Aim 3b)
There were no significant moderators identified in aim 2, and no significant

mediators in aim 3a; therefore, no moderated mediation analyses were carried out.

4.5 Sensitivity Analysis
4.5.1 Excluded Preterm Birth Outcomes

A total of 679 nuMoM?2b participants with a PTB outcome were excluded from
the analysis cohort; this represents over 50% of the PTB outcomes in the nuMoM2b
cohort. Of those, 92 were considered early PTB (ePTB), defined as birth prior to 30
weeks gestation. This cutoff was used because those who gave birth prior to 30 weeks
may not have had the opportunity to complete Visit 3, which took place between 22
weeks 0 days EGA and 29 weeks 6 days EGA. Of the 679 participants with a PTB
outcome who were excluded, 427 did not have a PSSv3 score available. Of those 427
mothers who did not have a PSSv3 score, 15 did not have a PSSv1 score available. A
sensitivity analysis was carried out using PSSv1 in place of PSSv3 for participants with
PTB who were previously excluded from the analyses and did not have PSS at Visit 3
scores available. In this sensitivity analysis, 252 participants with PTB outcome had
PSSv3 available, and PSSv1 was used as a proxy for PSSv3 for 412 participants with
PTB outcome. Fifteen participants with PTB outcome who were previously excluded

were not included in the sensitivity analysis.
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Results from the sensitivity analysis are presented in Table 16, Table 17, and
Figure 9. There was minimal or no change in each of the estimates generated in the
analyses. PSSv3 was a significant predictor of SGA, PTB, and the composite outcome in
the unadjusted models. PSSv3 also remained a significant predictor of SGA and PTB in
the adjusted models. There was no significant association between PSSv3 score and the
composite score in the adjusted model. After adjusting for maternal BMI, education,
comorbidities, and marital status, there was a significant protective effect on PTB at the
lowest PSSv3 score (PSSv3=0; OR =0.963, 95% CI: 0.929, 0.998), and an increased
odds of PTB at PSSv3 scores at the 75 percentile (PSSv3 = 15) and above. After
adjusting the covariates noted above, there was a 2.5% increased odds of PTB at the 75"

percentile PSSv3 score, and a 13.8% increased odds of PTB at the greatest PSSv3 score.
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Chapter S: Discussion

5.1 Summary of Findings

Perceived maternal stress at Visit 1 was not a significant predictor of any of the
outcomes of interest after adjusting for maternal BMI, education, marital status, and
comorbidities. This indicated perceived stress in the first trimester was not a good
indicator for these placenta-disease related outcomes. The latter two trimesters may be
better indicators of adverse maternal and perinatal outcomes. Perceived stress was not
measured during Visit 2; however, it was measured at Visit 3, which occurred between 22
weeks 0 days and 29 weeks 6 days EGA. PSSv3 was explored in the second set of models
evaluating the direct effect between perceived maternal stress during the last trimester
and each outcome of interest. A significant association was found between PSSv3 and
SGA and PSSv3 and PTB. After adjusting for maternal BMI, education, marital status,
and comorbidities, there was a 1.6% increased odds of SGA for every one unit increase in
PSSv3. Although a small margin, this finding was consistent with the literature, which
indicated maternal stress during pregnancy was associated with adverse perinatal
outcomes such as low birth weight and PTB.'>!7 An example of this increased odds of
SGA per unit increase in stress is a mother who scores a 10 on the PSS in the last
trimester has a 16% increased odds of SGA compared to a mother who indicated no
stress, or a score of 0 on the PSS. The relationship between PSSv3 and PTB was
curvilinear. At low levels of perceived stress in the last trimester, a protective effect was
seen with the PTB outcome after adjusting for the covariates noted above. At high levels
of perceived stress in the last trimester, there was an increased odds of PTB after

adjusting for the covariates. Temporally, this finding was consistent with what was
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expected as PTB is not an outcome that is developed throughout pregnancy, such as HDP
and SGA; it is an event that occurs at the end of pregnancy. Experiencing high stress later

in pregnancy increased the odds of delivering prior to 37 weeks gestation.

Moderation by race/ethnicity, resilience, and psychosocial support was explored
next. None of these variables significantly moderated the relationship between PSSv3 and
SGA or PSSv3 and PTB. Although the buffering role of psychosocial support on the
relationship between stress and PTB has been demonstrated in the literature, it was not
seen in this study. With regards to race/ethnicity, Grobman et al. reported significant
associations between race/ethnicity and the psychometric measures used in this study in
the nuMoM2b population.>® Furthermore, investigators found significant associations
between racial ethnic groups and placental disease-related outcomes in the nuMoM2b
population.** Given these findings in the literature, it was expected that the association
between perceived stress and the outcomes of interest would be moderated by
race/ethnicity. With that, race was significantly associated with missingness of the survey
data that needed to be completed in order to be included in the analysis cohort. A greater
proportion of non-Hispanic Black and Hispanic participants were excluded, which may
have biased the findings of these analyses. Resilience was not well explored in the
context of stress and placental disease-related outcomes in the literature. The conclusions
of this study will add to the minimal research available pertaining to resilience and its

role in the pathway to placental disease-related outcomes.

Finally, mediation by depression measured at Visit 3 was explored. Mediation of
the relationship between PSSv3 and SGA by depression was not statistically significant

in the unadjusted or adjusted model (Table 15). Furthermore, after adjusting for the
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covariates, the ¢’ path was no longer statistically significant (p=0.0574), yet the indirect
effect also remained not significant. In Aim 1, after adjusting for the same covariates,
PSSv3 remained a significant predictor of SGA (p=0.0107). Therefore, the addition of
depression as a mediator of the relationship between PSSv3 and SGA introduced some
influence on that direct effect, driving the association to be non-significant. Although the
indirect effect was not significant in the model, there may be another variable, such as
anxiety, not accounted for on the mediation pathway that is associated with depression
and resulted in this effect. The nuMoM2b study did not measure anxiety at Visit 3; it was
measured once at Visit 1. Multiple studies have noted anxiety partially or fully mediates
the relationship between stress and depression.?”*4> Given the literature supporting the
stress-anxiety-depression paradigm, it would have been beneficial to have been able to

explore the addition of anxiety at Visit 3 in serial mediation models for Visit 3.

There was no guidance in the literature regarding how to incorporate a curvilinear
variable into a model using PROCESS macro. Therefore, the quadratic term was added as
a covariate in the unadjusted and adjusted models exploring the mediating effect of
depression on the relationship between PSSv3 and PTB. No significant mediation was
found in these models. Interestingly, PSSv3 had a significant inverse relationship with
PTB. This may have been explained by the inclusion of the quadratic term as a covariate
in the model. The quadratic term had a significant positive association with the outcome
in both the unadjusted (b=0.0023, p=0.0010) and adjusted models (b=0.0026, p=0.0001).

As stress increased, the odds of PTB also increased.

In each of the mediation models, depression at Visit 3 did not have a significant

relationship with either outcome; however, there is a statistically significant relationship
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between PSSv3 and depression in each model. This may indicate there is an unmeasured
variable on the path between depression and the outcomes. Based on the literature, this
role may be filled by anxiety, which was only measured during Visit 1 in the nuMoM?2b
study. Measuring anxiety at Visit 3 may have aided in the analyses of these psychometric

models.

A sensitivity analysis was carried out to determine if mothers who experienced
PTB and were not included in the analysis cohort, would have impacted the overall
results of the Visit 3 analyses. After including those with a PTB outcome who had
previously been excluded from the analysis cohort and substituting perceived maternal
stress measures from Visit 1 as a proxy for perceived maternal stress at Visit 3 for those
without PSS at Visit 3 scores available, there was little to no effect on the original
findings. It is likely that the stress levels at Visit 1 were not indicative of stress levels
closer to delivery; however, perceived stress was only measured at Visit 1 for 412 of the
679 individuals with a PTB outcome who were excluded from the analysis cohort. Had
perceived stress increased closer to delivery compared with what was reported at Visit 1
for those participants, the results of the models for Visit 3 may have been more greatly

affected.

5.2 Strengths and Limitations

This study has several strengths. First, the nuMoM2b study is geographically and
racially/ethnically diverse and representative of the United States population, optimizing
the generalizability of the results. Having participants from numerous clinical sites across
the United States makes it less likely for these data to be affected by selection bias. In

addition to the representative sample, the large sample size allowed for interactions and
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mediation to be evaluated. These analyses were a secondary analysis of the nuMoM?2b
data, which included a wealth of validated clinical and psychological measures. This
made the evaluation of the mechanisms of interest feasible. It would have been difficult
to conduct these analyses without the existing dataset given the breadth of data and large,
diverse study population. Additionally, each of the psychological measures used in these
secondary analyses performed well in the nuMoM2b population.

Another strength of the nuMoM2b study was that all study staff were trained
specifically for this study, which minimized the potential for misclassification.
Additionally, study visits remained separate from standard prenatal visits, which
minimized the influence of the study on standard prenatal care protocols. Furthermore,
restricting the study population to nulliparous women removed the influence of previous
pregnancies and deliveries on the psychometric measures and outcomes of this study.
Finally, the nuMoM?2b study had great retention, with less than 10% of participants lost
to follow up throughout the study. This minimized the introduction of potential biases
due to lost to follow up. Although, missing survey data was an issue in these analyses,
which is further discussed as a limitation below.

A statistical strength of the secondary analyses was the use of PROCESS macro,
which does not require satisfaction of the assumption of normality unlike other structural
equation and path analysis methods. If a dichotomous outcome is used in a model in
PROCESS, PROCESS macro uses logistic regression in place of ordinary least squares
regression for the analysis.

One of the greatest limitations of these analyses was missingness of survey and

outcome data. If a participant was missing any of the surveys utilized in these analyses,
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she was not included in the secondary analysis cohort; 1,760 participants were missing at
least one of the surveys. Overall race/ethnicity and marital status were the variables most
associated with missingness of the key surveys and outcomes. This indicates selection
bias may have influenced the results of these analyses. Participants included in these
analyses were more likely to be non-Hispanic White and married, both of which are
associated with decreased risk of many adverse maternal and perinatal outcomes,
including placental disease-related outcomes. Race/ethnicity was significantly associated
with missingness of all of the surveys of interest and SGA, PA, and HDP outcomes.
Marital status was significantly associated with missing PSSv3, STAI-T, and MSPSS.
Grobman et al. noted that non-Hispanic Black women in the nuMoM?2b study were more
likely to have scored the least favorably for each of the surveys. Since race/ethnicity is
associated with missing at least one survey, sub-populations, such as non-Hispanic
Blacks, that scored least favorably for the key surveys included in these analyses may
have been excluded from this analysis cohort. This could have greatly influenced the
results of these study aims. The exclusion of these racial groups, especially non-Hispanic
Blacks and Hispanics who were most associated with survey missingness, may have
diluted or masked a true association between perceived stress and the outcomes of
interest. Additionally, the absence of these individuals in the moderation and mediation
analyses may have contributed to the non-significant findings. Race/ethnicity was also
associated with an increased likelihood of missing PTB, PA, and HDP, and participants
were, therefore, not included in those models. This may have, again, resulted in diluted

findings pertaining to the PTB, PA, and HDP models.
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The overall incidence of PTB in the nuMoM2b cohort with data available in
NICHD DASH was 12.9%. With the missingness noted above, the incidence of PTB in
the analysis cohort was 7.3%, which is lower than the expected incidence used to
calculate the power of this study. A PTB incidence of 9-11% and an assumed 7000
participants was used for the power analyses of the proposed study. Given the lower than
expected incidence of PTB, this study may not have been powered to detect the proposed
relationships. A sensitivity analysis was carried out to aid in determining the potential
impact of the exclusion of over 50% of the PTB outcomes. This analysis is discussed

below.

Although nuMoM2b had good retention, many participants did not have complete
survey data, and, as a result, were not included in the analysis cohort. Therefore, another
limitation of note was the exclusion of 679 individuals with PTB due to the criteria
required for these analyses. Excluding over 50% of the PTB outcomes may have
impacted the findings of these study aims. However, the sensitivity analysis conducted
allowed for 664 of those individuals with a PTB outcome who were previously excluded
from the analysis cohort to be included. Of those 664 mothers, PSSv1 had to be used as a
proxy for PSSv3 for 412 individuals as PSSv3 was not available. Although PSSvl may
not have been an accurate indicator of perceived stress closer to delivery, using PSSvl as
a proxy allowed for the potential impact of excluding over half of the PTB outcomes on
the associations explored in these analyses to be quantified. The ability to conduct a
sensitivity analysis to determine the potential effect of the large proportion of PTB
outcomes that were excluded from the analysis cohort on the Visit 3 models was of great

value to these analyses. Although it was hypothesized that the exclusion of these PTB
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participants from the latter analyses may have affected the model estimates, there was
little to no change in the results from Aim 1.

A limitation of the Visit 3 analyses was not having a measure for anxiety at Visit
3. As a result, anxiety was not able to be included in a serial mediation analysis in Aim3a.
There is literature to support the stress-anxiety-depression axis. The inclusion of anxiety
in the Visit 3 mediation models would have enabled the exploration of a more complex
psychometric model that anxiety would have likely contributed to explaining. The
adjusted simple mediation model examining PSSv3 and SGA demonstrated and non-
significant direct and non-significant indirect effect. Anxiety measured at Visit 3 may
have provided an alternative indirect pathway through depression that may have
explained why the direct effect was no longer significant.

The nuMoM2b study has several limitations as well that may have affected the
secondary analyses. Although nuMoM?2b utilized validated psychological measures that
performed well in the study population, those measures were based on self-reported data.
Self-reported data, especially related to sensitive subject areas such as stress, anxiety,
depression, psychosocial support, and resilience, may be subject to social desirability
bias. Participants may underreport feelings of stress, anxiety, and depression and
overreport perceived psychosocial support and resilience. A second limitation of the
nuMoM?2b study was the potential for misclassification of the outcomes of interest.
Although the outcomes were standardized and specific definitions were utilized per the
study protocol, the outcomes were not centrally adjudicated. This could have resulted in
misclassification of the outcomes included in these secondary analyses. This

misclassification would be non-differential and bias the results towards the null,
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underestimating the true association between the exposure and outcome. Finally, the
limited public release data does not include study site information for each participant.
This inhibits the ability to account for variability across study sites in these secondary

analyses.

5.3 Future Research

Future research should focus on longitudinal studies, like the nuMoM2b cohort
study, with a special emphasis on race/ethnic groups, particularly non-Hispanic Blacks
and Hispanics. Concentrating on these subpopulations may elucidate psychometric
mechanisms that are specific to these groups. Identifying these complex psychological
mechanisms that contribute to placental disease-related outcomes will offer the
opportunity to develop new targeted interventions during the prenatal care period that
may minimize the effects of these mechanisms on adverse maternal and perinatal
outcomes. Furthermore, exploring moderated-mediation by resilience and psychosocial
support in each race/ethnic subpopulation will aid in identifying psychological areas that

can be reinforced to minimize the risk posed by the stress-anxiety-depression paradigm.

5.4 Conclusions

The results of this secondary analysis confirmed the association between
perceived maternal stress in the third trimester and two placental disease-related
outcomes: SGA and PTB. A curvilinear association between perceived maternal stress in
the third trimester and PTB outcome was noted. At low levels of perceived maternal
stress, there was an evident protective effect. At higher levels of perceived maternal
stress, there was an increased odds of PTB. No moderation by race/ethnicity, resilience,

or psychosocial support was demonstrated. Additionally, there was no significant
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mediation of the relationship between perceived maternal stress during the third trimester
and SGA or PTB by depression measured in the third trimester. No significant
association between perceived maternal stress in the first trimester and the placental
disease-related outcomes of interest were found. These analyses confirmed that
psychological measures later in pregnancy are more predictive of adverse pregnancy

outcomes, such as SGA and PTB.
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Figure 1. Conceptual model of serial mediation by anxiety and depression in the first
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Figure 6. Unadjusted (a) and adjusted (b) logistic regression results for PSS score at Visit
3 (PSSv3Score) and PTB at each quartile value for PSSv3.
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Figure 7. Unadjusted (a) and adjusted (b) simple mediation model. Indirect effects of
perceived stress at Visit 3 on SGA outcome through depression measured at Visit 3.
Unstandardized effects are presented. The adjusted model is controlled for maternal
BMI, comorbidities, education, and marital status. **p<0.05
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Figure 8. Unadjusted (a) and adjusted (b) simple mediation model. Indirect effects of
perceived stress at Visit 3 on PTB outcome through depression measured at Visit 3.
Unstandardized effects are presented. The adjusted model is controlled for maternal
BMI, comorbidities, education, and marital status. **p<0.05
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Odds Ratios with 95% Wald Confidence Limits

at sens2pssviscore=0 | }—o—1—

at sens2pssviscore=7 —T*—
z
[=]
o
W
=
w at sens2pssv3score=10 —e—
&
w
c
Q
w
at sens2pssv3score=15 —e—
at sens2Zpssv3score=40 t * |
10 11 1.2
Odds Ratio
a)
Odds Ratios with 95% Wald Confidence Limits
at sens2pssviscore=0 e
at sens2pssviscore=7 —e—
o
(=]
o
w
2
@ ot sens2pssv3score=10 —e—
&
w
c
a
w
at sens2pssviscore=15 —e—
at sens2pssv3score=40 t - |
09 1.0 1.1 1.2

Odds Ratio

b)

Figure 9. Unadjusted (a) and adjusted (b) logistic regression results for the sensitivity
analysis evaluating PSS score at Visit 3 (PSSv3Score) and PTB at each quartile value for
PSSv3.
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Table 1. List of nuMoM2b clinical sites and hospitals.

Clinical Sites and Hospitals

Case Western Reserve University/Ohio State

University

MetroHealth Medical Center

Ohio State University Wexner Medical Center

Columbia University/Christiana Care
Columbia University Medical Center

The Allen Hospital

Christiana Hospital
Northwestern University
Northwestern Memorial Hospital
University of California at Irvine
UC Irvine Health
Fountain Valley Regional Hospital
Memorial Care Center for Women

Miller Children’s Hospital

University of Pennsylvania
Hospital of the University of Pennsylvania

Pennsylvania Hospital

Indiana University

IU Health University Hospital
IU Health Methodist Hospital
IU Health North Hospital

IU Health West Hospital

Wishard Memorial
Hospital/Eskenazi Health

University of Pittsburgh

Magee’s Women’s Hospital

Western Pennsylvania Hospital

University of Utah

University of Utah Hospital
LDS Hospital
McKay Dee Hospital

Utah Valley Regional Medical
Center

Intermountain Medical Center
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Table 2. Baseline characteristics for women enrolled in the nuMoM2b study.

Characteristic (N=10,027)* Statistic
Maternal Age (years)
Mean (standard deviation) 26.90 (5.7)
Median (interquartile range) 27.0 (22, 31)
Category: n (%)
13-21 2128 (21.2)
22-35 7228 (72.1)
>35 670 (6.7)
Gravidity: n (%)
1 7437 (74.2)
2 1913 (19.1)
3+ 676 (6.7)
Maternal race/ethnicity: n (%)
Non-Hispanic White 5988 (59.7)
Non-Hispanic Black 1420 (14.2)
Hispanic 1699 (16.9)
Asian 406 (4.0)
Other 514 (5.1)
Smoked during the 3 months prior to pregnancy: n (%) 1782 (17.8)
Estimated gestational age at screening: n (%)
<8 weeks 0 days 150 (1.5)
8 weeks 0 days to 9 weeks 6 days 1044 (10.4)
10 weeks 0 days to 11 weeks 6 days 2697 (26.9)
12 weeks 0 days to 13 weeks 6 days 6136 (61.2)
Education status attained: n (%)
Less than high school 815 (8.1)
Completed high school or GED 1170 (11.7)
Some college 1947 (19.4)
Associate or technical degree 1005 (10.0)
Completed college 2772 (27.7)
Degree work beyond college 2308 (23.0)
Method of paying for healthcare: n (%)**
Government insurance 2854 (28.7)
Military insurance 65 (0.7)
Commercial health insurance 6776 (68.1)
Personal household income 1720 (17.3)
Other 132 (1.3)
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Income and size of household relative to Federal poverty
level: n (%)

>200%

100-200%

<100%

5662 (69.7)
1171 (14.4)
1296 (15.9)

*10,027 of the 10,038 women have data at Visit 1 that is reported above. Sample sizes vary by

characteristic due to missingness.

**Percentages will not add up to 100% as participants were allowed to select multiple methods
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Table 3. Instrument used and study visit when administered.

"
Domain Instrument Study Visit
1 2 3
Multidimensional Scale of Perceived Social X
Psychosocial Support (MSPSS)
Connor-Davidson Resilience Scale (CD-RISC) X
State-Trait Anxiety Inventory — Trait Subscale %
(STAI-T)
Stress/Mental
Health Edinburgh Postnatal Depression Scale (EPDS) X X
Perceived Stress Scale (PSS-10) X X

*Study wvisits 1, 2, and 3 took place during the following gestational intervals: 6 week 0 days to 13 weeks 6
days; 16 weeks 0 days to 21 weeks 6 days; and 22 weeks 0 days to 29 weeks 6 days.
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Table 4. Definition and measurement of key variables.

Role in th Variabl
ote m. ¢ Variable Name Variable Description arlable
Analysis Type
Small for Gestational Age Small for ges.tationa.I age using Ale%ander. .
Outcome Norms and birth weight recorded; birthweight  Dichotomous
(SGA) h .
<10" percentile
Outcome Preterm birth (PTB) Any birth <37 weeks Dichotomous
Outcome Placental abruption Clinically defined abruptio placenta Dichotomous
Hypertensive disorder of Includes new onset antePartum, intrapar‘Fum ‘
Outcome or postpartum hypertension, preeclampsia, Dichotomous
pregnancy (HDP) . . .
eclampsia, and superimposed preeclampsia
. Including one or more of the following: SGA,
Composite of placental : : .
Outcome . PTB, placental abruption, and hypertensive Dichotomous
disease-related outcomes .
disorder of pregnancy
Exposure Perceived Stress score (1% Perceived stress measured using the Continuous
P trimester) Perceived Stress Scale (PSS) (1% trimester)
Exposure Perceived Stress score (3™ Perceived stress measured using the Confinuous
P trimester) Perceived Stress Scale (PSS) (3" trimester)
Depression score (1% Depression measured using the Edinburgh
Mediator ) P Postnatal Depression Scale (EPDS) (1% Continuous
trimester) .
trimester)
. Depression measured using the Edinburgh
) D 3rd i .
Mediator epression score ( Postnatal Depression Scale (EPDS) (3™ Continuous

trimester)

trimester)
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Anxiety measured using the State-Trait

Mediator Anxiety score (1% trimester) Anxiety Inventory (STALT) (1 trimester) Continuous
Resilience measured using the Connor

Moderator  Resilience score Davidson Resilience Scale (CD-RISC) (2™ Continuous
trimester)
Psychosocial support measured using the

Moderator  Psychosocial Support score Multidimensional Scale of Perceived Social Continuous
Support (MSPSS) (1 trimester)

Moderator ~ Race/ethnicity Self-reported race/ethnicity Categorical

Confounder Maternal Age Maternal age in years Continuous

Confounder BMI BMI at Visit 1 Continuous

Confounder Education Self-reported education level Categorical
One of more of the following: diabetes

Confounder Comorbidities mellitus, chronic hypertension, asthma, and Categorical
kidney disease.

Confounder  Alcohol Use Alcohol use during pregnancy Categorical

Confounder Drug Use Drug use during pregnancy Categorical

Confounder  Marital Status Self-reported marital status Categorical




Table 5. Anticipated number of observations available for each psychosocial measure

and outcome.

Measure of Interest N (%)
nuMoM2b cohort* 9,289 (100)
Available Psychosocial measures
Perceived Stress Scale (PSS) — Visit 1 8,099 (87.2)
Perceived Stress Scale (PSS) — Visit 3 7,540 (81.2)
Edinburgh Postnatal Depression Scale (EPDS) — Visit 1 7,903 (85.1)
Edinburgh Postnatal Depression Scale (EPDS) — Visit 3 7,426 (79.9)
State-Trait Anxiety Inventory — Trait Subscale (STAI-T) 7,182 (77.3)
Multidimensional Scale of Perceived Social Support (MSPSS) 7,200 (77.5)
Connor-Davidson Resilience Scale (CD-RISC) 7,531 (81.1)
Available Outcome data
Preterm birth 8,955 (96.4)
Small for Gestational Age 8,749 (94.2)
Hypertensive Disorders of Pregnancy 8,775 (94.5)
Placental Abruption 8,785 (94.6)

* Although 10,038 nulliparous pregnant women enrolled in the study, only 9,289 of those participants

consented to release their data to the shared database maintained by NIH.
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Table 6. Estimated power available to detect risk of preterm birth (PTB) associated with
perceived maternal stress; assuming a fixed sample size of 7000, 26% of mothers having
the greatest perceived stress, and o = 0.05.

Incidence of PTB among Minimum Detectable Relative Risk
unexposed
1.2 1.3 14
9% 0.56 0.87 0.98
10% 0.52 0.85 0.97
11% 0.49 0.82 0.97
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Table 7. Power analysis results for the moderated-mediated model.

Maternal race/ethnicity N (%) Il?:(v)v;e(t; using f:;vfg using
Non-Hispanic White 5988 (59.7) 100% 100%
Non-Hispanic Black 1420 (14.2)  78% 99%
Hispanic 1699 (16.9)  84% 100%

Asian 406 (4.0) 6% 35%

Other 514 (5.1) 12% 53%
Combining Asian & Other 920 (9.1) 47% 90%

107



Table 8. Number of participants available at each study visit.

Visit 1 Visit 2 Visit 3 Visit 4 (Delivery)*
Present? 10,028 9,412 9,217 7,167
Withdrawn 7 167 213 276
Other/Missing® 2 407 489 2,595

2 Present includes participants who completed the main maternal interview form.
b Other/missing includes participants who did not take the main maternal interview form.
¢ Delivery outcomes are available for nearly all participants except those that withdrew.
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Table 9. Baseline demographic and clinical characteristics of participants in the

nuMoM2b cohort by inclusion status.

. . Included Excluded
Characteristic (N=7,095) (N=2194) P-value
N (%) N (%)
Maternal Age (years, mean (sd)) 27.27(5.52)  25.74 (6.03) <0.0001
BMI (mean (sd)) 26.20 (6.23)  26.96 (6.69) <0.0001
Race/ethnicity <0.0001
Non-Hispanic White 4624 (65.17) 971 (44.26)
Non-Hispanic Black 735(10.36) 513 (23.38)
Hispanic 1102 (15.53) 497 (22.65)
Asian 284 (4.00) 81 (3.69)
Other 350 (4.93) 122 (5.56)
Missing - 10 (0.46)
Education <0.0001
High school, GED, or
less than high school 1211 (17.07) 639 (29.12)
Associate/technical 2070 (29.18) 694 (31.63)
degree or some college
Bachelor’s degree or
beyond 3814 (53.76) 843 (38.42)
Marital Status <0.0001
Married 4517 (63.67) 976 (44.48)
Not Married 2577 (36.33) 1195 (54.47)
Missing 1(0) 24 (1.09)
Alcohol use during pregnancy ? <0.0001
Yes 964 (13.59) 211 (9.62)
No 6131 (86.41) 1914 (87.24)
Missing - 24 (1.09)
Drug use during pregnancy ° 02312
Yes 97 (1.37) 32 (1.46)
No 6998 (98.63) 1806 (82.32)
Missing - 356(16.23)
Medical Comorbidities ¢ <0.0001
Yes 1184 (16.69) 424 (19.33)
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No 5263 (74.18) (52.87)
Missing 648 (9.13) 610 (27.80)

Placental disease-related adverse

pregnancy outcomes
Small for Gestational
Age 723 (10.26) 210 (9.57) 0.0126
Preterm birth 521(7.34) 679 (30.95) <0.0001
Placental Abruption 61 (0.86) 19 (0.87) 0.3535
Hypertensive disorder 1627 (23.07) 413 (18.82) 0.4375
of pregnancy

1130

Composite ¢ 2425 (34.43) (51.50) <0.0001

2Yes if participant responded “Yes” to “Did you drink alcohol in the last month?” at Visit 1, 2, 3 or the

delivery visit.

b Yes if participant responded “Yes” to “Have you used illegal drugs or drugs not prescribed for you in the

last month?” at Visit 1, 2, 3 or the delivery visit.

¢ Indicator variable for any of the following: diabetes mellitus, chronic hypertension, asthma, and kidney

disease.

4 Indicator variable for any of the following: SGA, PTB, placental abruption, and hypertensive disorder of

pregnancy.
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Table 10. Range and median scores for each survey for nuMoM2b participants included
in these analyses.

Survey Median Range
PSSv1 12 (0, 39)
PSSv3 10 (0, 40)
EPDSv1 5 (0, 25)
EPDSv3 5 (0, 28)
STAI-T 32 (20, 74)
MSPSS 79 (12, 84)
CD-RISC 80 (0, 100)
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Table 11. Adjusted and unadjusted results for PSS score at Visit 1 and each outcome of interest.

Adverse Pregnancy Outcome

SGA PTB PA HDP Composite
Crude OR 1.018 1.018 1.017 0.999 1.009
95 % CI) (1.006, 1.030) (1.005,1.032) (0.985,1.056) (0.991, 1.008) (1.002, 1.017)
PSS Score
at Visit 1  Adjusted

1.007 1.004 1.023 0.991
OR?

95 % CI) (0.994,1.020) (0.989,1.018) (0.981,1.068) (0.982,1.001)

0.999

(0.990, 1.007)

2 Adjusted for maternal BMI, education, comorbidities, and marital status
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Table 12. Adjusted and unadjusted logistic regression results for PSS score at Visit 3 and each outcome of interest.

Adverse Pregnancy Outcome

SGA PTB* PA HDP Composite
Crude OR 1.022 1.026 0.997 1.011
(95 % CI) (1011, 1.034) (0.988, 1.065)  (0.988, 1.006)  (1.003, 1.019)
PSS Score at
o o A 4
Visit 3 djusted 1.016 1.030 0.991 1.003
OR?

(95 % CI)  (1.004, 1.029) (0.988, 1.073)  (0.981, 1.000)  (0.995, 1.012)

2 Adjusted for maternal BMI, education, comorbidities, and marital status
* PSS score at Visit 3 has a curvilinear relationship with PTB. See Table 13 and Figure 6.



Table 13. Adjusted and unadjusted logistic regression results for PSS score at Visit 3 and
PTB at each quartile value for PSS score at Visit 3.

PSS Score at Visit 3 Crude OR (95% CI)  Adjusted OR* (95% CI)
0" percentile (PSSv3 = 0) 0.959 (0.922, 0.998) 0.941 (0.903, 0.980)
25 percentile (PSSv3 = 7) 0.991 (0.970, 1.013) 0.976 (0.953, 0.999)
50t percentile (PSSv3 = 10) 1.005 (0.983, 1.022) 0.991 (0.974, 1.008)
75t percentile (PSSv3 = 15) 1.029 (1.016, 1.042) 1.017 (1.003, 1.032)
100" percentile (PSSv3 = 40) 1.157 (1.077, 1.242) 1.159 (1.076, 1.249)

* Adjusted for maternal BMI, education, comorbidities, and marital status

114



Table 14. Results for moderation of the association between PSS score at Visit 3 (PSSv3)
and SGA and PSSv3 and PTB by race, psychosocial support (MSPSS), and resilience
(CD-RISC).

Adverse PSSv3*moderator term
Pregnancy Moderator

Outcome Crude p-value Adjusted p-value*

Race 0.2066 0.1246

SGA MSPSS 0.2408 0.3520

CD-RISC 0.6729 0.7672

Race 0.3900 0.5757

PTB MSPSS 0.4587 0.7325

CD-RISC 0.6695 0.9650

* Adjusted for maternal BMI, comorbidities, marital status, and education
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Table 15. Direct and indirect effects for paths in the simple mediation models of the effects of perceived stress at Visit 3
on SGA and PTB through depression measured at Visit 3.

Unadjusted Results Adjusted Results
Mediation Model Boot 95% CI Boot 95% CI
B (boot SE) B (boot SE)
(LL, UL) (LL, UL)

PSSv3 2 Dep 2 SGA

Direct Effect 0.0245 (0.0088) (0.0073,0.0418)  0.0179 (0.0094) (-0.0006, 0.0364)

Indirect Effect -0.0023 (0.0065)  (-0.0149, 0.0100) -0.0017 (0.0067)  (-0.0151, 0.0115)
PSSv3 = Dep 2 PTB

Direct Effect -0.0495 (0.0213)  (-0.0913,-0.0077)  -0.0664 (0.0223)  (-0.1102, -0.0227)

Indirect Effect 0.0056 (0.0054)  (-0.0052,0.0160)  0.0029 (0.0056) (-0.0079, 0.0138)
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Table 16. Adjusted and unadjusted logistic regression results for the sensitivity analysis of PSS score at Visit 3 and each

outcome of interest.

Adverse Pregnancy Outcome

SGA PTB* PA HDP Composite
Crude OR 1.025 1.031 1.001 1.018
(95 % CI) (1.014, 1.038) - (0.995, 1.068) (0.993,1.010)  (1.011, 1.026)
PSS Score at
Visit 3 Adjusted 1.017 1.032 0.992 1.007
OR?
95 % CI) (1.005, 1.030) (0.993,1.072)  (0.983,1.002)  (0.999, 1.015)

2 Adjusted for maternal BMI, education, comorbidities, and marital status
* PSS score at Visit 3 has a curvilinear relationship with PTB. See Table 17 and Figure 9.



Table 17. Adjusted and unadjusted logistic regression results for the sensitivity analysis
evaluating PSS score at Visit 3 and PTB at each quartile value for PSS score at Visit 3.

PSS Score at Visit 3 Crude OR (95% CI)  Adjusted OR* (95% CI)
0" percentile (PSSv3 = 0) 0.977 (0.943, 1.011) 0.963 (0.929, 0.998)
25 percentile (PSSv3 = 7) 1.007 (0.987, 1.028) 0.991 (0.971, 1.012)
50t percentile (PSSv3 = 10) 1.021 (1.006, 1.036) 1.004 (0.989, 1.019)
75t percentile (PSSv3 = 15) 1.043 (1.032, 1.055) 1.025 (1.013, 1.037)
100" percentile (PSSv3 = 40) 1.165 (1.096, 1.238) 1.138 (1.068, 1.211)

* Adjusted for maternal BMI, education, comorbidities, and marital status
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Appendices

Appendix A. 10 item Perceived Stress Scale used to measure perceived maternal stress

Perceived Stress Scale

A more precise measure of personal stress can be determined by using a variety of instruments that
have been designed to help measure individual stress levels. The first of these is called the Perceived
Stress Scale.

The Perceived Stress Scale (PSS) is a classic stress assessment instrument. The tool, while originally
developed in 1983, remains a popular choice for helping us understand how different situations affect
our feelings and our perceived stress. The questions in this scale ask about your feelings and thoughts
during the last month. In each case, you will be asked to indicate how often vou felt or thought a certain
way. Although some of the questions are similar, there are differences between them and you should
treat each one as a separate question The best approach is to answer fairly quickly. That is, don't tryv to
count up the number of times you felt a particular way; rather indicate the alternative that seems like
a reasonable estimate.

For each question choose from the following alternatives:

0 -never 1 -almostnever 2-sometimes 3 -fairly often 4 -very often

1. In the last month, how often have you been upset because of something that
happened unexpectedly?

2 In the last month, how often have you felt that you were unable to control the
important things in your life?

3. In the last month, how often have you felt nervous and stressed?

4 In the last month, how often have you felt confident about your ability to handle
your personal problems?

5. In the last month, how often have you felt that things were going your way?

6. In the last month, how often have yvou found that vou could not cope with
all the things that you had to do?

7. In the last month, how often have you been able to control irritations in
your life?

8 In the last month, how often have you felt that you were on top of things?

9. In the last month, how often have you been angered because of things that
happened that were outside of your conteol?

10. In the last month, how often have yvou felt difficulties were piling up so high that
vou coiild not overcome them?
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Appendix B. Edinburgh Postnatal Depression Scale used to measure depression

Edinburgh Postnatal Depression Scale’ (EPDS)

Mame:

Your Date of Birth:

Baby's Date of Birth:

Address:

Phone:

Ag you are pregnant or have recently had a baby, we would like to know how you are feeling. Please check
the answer that comes closest to how you have felt IN THE PAST 7 DAY S, not just how you feel today.

Here iz an example, already completed.

| have felt happy:
o Yes, all the ime

B Yes, mostoftheime  This would mean: “l have felt happy most of the time” during the past week.

o Mo, not very often
o Mo, not at all

In the past 7 days:

1. | hawe been able to laugh and see the funny side of things

o As much as | ahsays could
o Mot quite 5o much now

o Definitely not so much now
o Mot at all

2. | have looked foresard with enjoyment to things
o As much as | ever did
o Rather less than | used fo
o Definitely less than | used to
o Hardly at ai

*3. | have blamed mysslf unnecessarily when things
went wrong
‘Yes, most of the fime
‘Yes, some of the time
Mot very often
o Mo, never

4. | have been arcdous or womied for no good reason
o Mo, not st all
o Hardly ever
o Yes, sometimes
o fes, very often

*5 I have felt scared or panicky for no very good reason
o Yes, guite a kot
o Yes, sometimes
o Mo, not much
o Mo, not at all

Administered/Reviewed by

Please complete the other questions in the same way.

*8. Things have been getting on top of me
o fes, most of the time | haven't been sble
to cope at all
o es, sometimes | hawen't been coping as well
as usual
= Mo, maost of the time | have coped quite well
= Mo, | have been coping as well a5 ever

*T | have been so unhappy that | have had difficulty sleeping

o es, most of the time
o Yes, sometimes

o Mot wery often

= Mo, not at all

“2 | have felt sad or misersble
“fes, most of the time
*es, guite often
o Mot wery often
o Mo, notat all

*8 | hawe been so unhappy that | have been crying
o es, most of the time
o Yes, guite often
o Only occasionally
o Mo, never

“10 The thought of haming myself has occurmed to me
o Yes, guite often
o Sometimes
o Handly ever
o MNever

'Source: Cox, L., Holden, 1M, and Sagowsky, R. 1987. Detection of postnatal depression: Development of the 10-item

Edinburgh Postnatal Depression Scale.

British Joums! of Peychiatry 150:782-786 .

*Source: K. L. Wisner, B. L. Parry, C. M. Piontek, Postpartumn Depression N Engl J Med vol. 247, No 3, July 18, 2002,

194-1959

Usiers may reproduce the scale without further pemiission providing they respect copyright by quoting the names of the
authors, the tithe and the source of the paper in all reproduced copses.
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Appendix C. State-Trait Anxiety Inventory — Trait Subscale used to measure anxiety

Copyright 1968, 1877 by Chares D. Spelberger. All righls reserved,

State-Trait Anxiety Inventory for Adults

Self-Evaluation Questionnaire
STAl Form Y-1 and Form Y-2

Developed by Charles D. Spielberger
in collaboration with R.L. Gorsuch, R, Lushene, P.R. Vagg, and G.A. Jacobs

Copyright Permission

You have purchased parmission to reproduce this document up to the maximum number that is shown on
the leftmost column of this page. You may not reproduce more than this allotted amount. If you wish to
reproduce more than this amount, you are required to purchase bulk permission for each additional copy
over the amount that is shown in the leftmost column on this page.

Copyright Policy

It is your legal responsibility to compensate the copyright holder of this work for any reproduction in any medium.
If any part of this Work (e.g., scoring, items, etc.) is put on an electronic or other media, you agree to remove this
Work from that media at the end of this license. The copyright holder has agreed to grant one person permission
to repreduce this work for one year from the date of purchase for non-commercial and personal use only. Mon-
commercial use means that you will not receive payment for distributing this document and personal use means
that you will only reproduce this work for your own research or for clients. This permission is granted to one
persen only. Each person who administers the test must purchase permission separately. Any organization
purchasing permissions must purchase separate permissions for each individual who will be using ‘or
administering the test,

Published by Mind Garden
1690 Woodside Road Suite 202, Redwood City, CA 94061 USA 650-281-3500
www.mindgarden.com

Copyright © 1968, 1977 by Charles D. Spielberger. All rights reserved.
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Copyright 1988, 1577 by Charles D, Speilberger. Al rights resenved,

SELF-EVALUATION QUESTIONNAIRESTAI Form Y-1
Please provide the following information:

Name Date 5
Age Gender (Circle) M F T
DIRECTIONS: Jfo L&p
A number of statemants which people have used to describe themselves are given below. '1-'0 d’o () IS
Read each statement an-:! then circle lhla ampﬁale number to the right Fll Ihe statemant 3‘1 ‘4@ % 'E’t’,.
lo indicate how you feel right now, that is, at this moment. There are no right or wrong i % 'f,L q»
answers. Do not spend too much time on any one statament bul give the answer which 15{* [ "[b db
seems to describe your presant feelings best.
S R == o= 1 TSSO S PSSRE 1 2 3 4
2.1 FBBISBOUME ...ttt s e e s et e 1 2 3 4
d.lamtense................ OO SOPUOUOR OO R 1 2 3 4
4. 1 feel strained ... 1 2 3 4
B BBl 8L BASE oo 1 2 3 4
B.1Teel UPSBL ..oeiiiicic i e e e e e e eb e b 1 2 3 4
7. | am presently worrying over possible misforUnes ... e 1 2 3 4
B. I feel satisfied ... 1 2 3 4
9. | feel frightened ... s 1 2 3 4
10. | feel comfortable ... e 1 2 3 4
11. | feel Self-ConfIdent...... ..o s 1 2 3 4
12. 1 feel NBMVOUS ..o e wameaernbin bt 1 2 3 4
A3 LM JIEETY (oo s s s n e 1 2 3 4
14, | FEEI INMUBCISIVE . ..ceeeee et e bbb skt st mba s an b0 1 2 3 4
5. lamrelaxed ..o e et eamteRee e e 1 2 3 4
B == o = 3 J 1 2 3 4
17,1 @M WOITIED ..o s s s s s g 1 2 3 4
18. 1 feel CONFUSEA......ooveeee e st 1 2 3 4
19, 1 feel Steady. ..o 1 2 3 4
20. 1 feel PIEASANT... ... et sn e nee e 1 2 3 4
@ Copyright 1968,1977 by Charles D. Spielbarger. All rights reserved. STAIP-AD Test Form Y
Published by Mind Garden, Ine., 1690 Woodside Rd, Suite 202, Redwood City, CA 94061 www mindgarden.com
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Copyright 19688, 1877 by Charlas D. Speilbergar. Al rights reservad.

SELF-EVALUATION QUESTIONNAIRE

Name

5TAl Form Y-2
Date
DIRECTIONS '7( %
o4 %,

A number of statements which people have used to describe themselves are given below.
Read each statement and then circle the appropriate number to the right of the slatement
to indicate how you generally feel. There are no right or wrong answers, Do not spend too
much time on any one statement but give the answer which seems to describe how you
generally feel.

21.
22
23,
24,
25.
26,
27.
28.
20.
30.
3.
32.
33

34

35.
36,
3.
38.
39.
40.

| feel PIEASANT. ... o s
| feel nervous and restless ... e
| feel satisfied with myself......... RO
| wish | could be as happy as others seemtobe.......ccccoviiiiiiiiicennens
| feel like @ faillure ... ..o e
[ = =T U= USSR OO T UTOP RN
I am “calm, cool, and collected” ... ————
| feel that difficulties are piling up so that | cannot overcome them..........
| worry too much aver something that really doesn’t matter.......cocovvenee.
T @M NBPPY 11 eucrrvesrennsesnscrnssnessos srsesresrn ssssasssssncressresesssn svesmssssse sasssnsessnsss
| have disturbing thoughts ...
| lack self-confidence. ... e
| feel secure _............ L B R LR T ERE R R R T R s arrasnnaan
. | make decisions Easily ...
| feel inadequate. ... e e
=T o= S
Some unimportant thought runs through my mind and bothers me .........
| take disappointments so keenly that | can't put them out of my mind....

| am a steady PEMSOM. ... s e s s e

| get in a state of tensien or turmoil as | think over my recent concerns

AN IMEEESES ... e s e e s

@ Copyright 1968,1977 by Charles D. Spielberger. All rights reserved,
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Copyright 1968, 1977 by Chares . Speliberger, All rights reserved,

State-Trait Anxiety Inventory for Adults Scoring Key (Form Y-1, ¥-2)
Developed by Charles D. Spielberger in collaboration with R.L. Gorsuch, R. Lushene, P.R. Vagg, and G.A. Jacobs
To use this stencil, fold this sheet in half and line up with the appropriate test side, either Form ¥-1 or Form Y-2.

Simply total the scoring weights shown on the stencil for each response category. For example, for question # 1,
if the respondent marked 3, then the weight would be 2. Refer to the manual for appropriate normative data.

%, %
o, %, 4 % '% 4 %
)@e 4& %%

Form Y-1 ?{( Form Y-2 fP 4 '&3’
1 4 3 2 1 21. 4 3 2 1
2. 4 3 1 22, 1 2 3 4
3. 1 2 3 4 23. 4 3 2 1
4. 1 2 3 4 24, 1 2 3 4
5. 4 3 2 1 25, 1 2 3 4
6. 1 2 3 4 26. 4 3 2 1
7. 1 2 3 4 27. 4 3 2 1
8. 4 3 2 1 28. 1 2 3 4
9. 1 2 3 4 29, 1 2 3 4

10. 4 3 2 1 30. 4 3 2 1

1. 4 3 2 1 31. 1 2 3 4

12. 1 2 3 4 32, 1 2 3 4

13. 1 2 3 4 33. 4 3 2 1

14. 1 2 3 4 34. 4 3 2 1

15. 4 3 2 1 35, 1 2 3 4

16. 4 3 2 1 36. : 4 3 2 1

17. 1 2 3 4 37. 1 2 3 4

18. 1 2 3 4 38. 1 2 3 4

19. 4 3 2 1 39. 4 3 2 1

20. 4 3 2 1 40, 1 2 3 4

© Copyright 19681977 by Charles D. Spislberger. All rights reserved. STAIP-AD Scoring Key
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Appendix D. Representative items from the Connor-Davidson Resilience Scale that was
used to measure resilience.

CD-RISC-25

The Connor-Davidson Resilience Scale (CD-RISC-25) is a self-administered scale containing

25 items that exhibit good psychometric properties.

The following represent the items for the 25-item Connor-Davidson Resilience Scale -

noting that the items listed here are not a complete representation of the scale:

= =1 @ U e W e

—_
_=

. [ am able to adapt when changes occur.

. [ have one close and secure relationship.

. Sometimes fate or God helps me.

. [ can deal with whatever comes my way.

. Past successes give me confidence.

. Itry to see the humorous side of things when I am faced with problems.
. Having to cope with stress can make me stronger.

. [ tend to bounce back after illness, injury or other hardships.

. I believe most things happen for a reason.

. I make my best effort, no matter what.

. I believe I can achieve my goals, even if there are obstacles.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22,
23.
24,
25.

Even when hopeless, [ do not give up.

In times of stress, 1 know where to find help.

Under pressure, I stay focused and think clearly.

[ prefer to take the lead in problem-solving.

[ am not easily discouraged by failure.

I think of myself as a strong person when dealing with life’s challenges and difficulties.
I make unpopular or difficult decisions.

[ arn able to handle unpleasant or painful feelings like sadness, fear, and anger.
[ have to act on a hunch.

[ have a strong sense of purpose in life.

[ feel like I am in control.

[ like challenges.

[ work to attain goals.

I take pride in my achievements.

For more complete instructions for administering the scale; please visit the official CD-RISC

website to request and obtain the scale.
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Appendix E. Multidimensional Scale of Perceived Social Support used to measure

psychosocial support.

Multidimensional Scale of Perceived Social Support (Zimet, Dahlem, Zimet & Farley, 1988)

Instructions: We are interested 1 how you feel about the following statements. Read each statement
carefully. Indicate how you feel about each statement.

Circle the “17 if you Very Strongly Disagree
Circle the 27 if you Strongly Disagree
Circle the 37 1f you Mildly Disagree
Circle the 4" if you are Neutral
Circle the 57 if you Mildly Agree
Circle the 6" if you Strongly Agree
Circle the 77 if you Very Strongly Agree
1. There is a special person who 1s around when I 1 2 3 4 5 6 7 SO
am in need.
2. There 1s a special person with whom I can share 1 2 3 4 5 6 7 SO
my jovys and sorrows.
3. My family really tries to help me. 1 2 3 4 5 Fam
4. 1 get the emotional help and support I need from 1 2 3 4 5 6 Fam
my family.
3. Ihave a special person who is a real source of 1 2 3 4 5 ] 7 50
comfort to me.
6. My friends really try to help me. 1 2 3 4 5 6 7 Fri
7. Ican count on my friends when things go wrong. 1 2 3 4 5 6 7 Fri
8 I can talk about my problems with my family. 1 2 3 4 5 6 7 Fam
9. Ihave friends with whom [ can share my joys 1 2 3 4 5 6 7 Fri
and sorrows.
10.  There 1s a special person 1in my life who cares 1 2 3 4 5 6 7 SO
about my feelings.
11. My family is willing to help me make decisions. 1 2 3 4 5 6 7 Fam
12. I can talk about my problems with my friends. 1 2 3 4 5 6 7 Fri

The 1tems tended to divide into factor groups relating to the source of the social support, namely famaly
(Fam), friends (Fr1) or significant other (S0).
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